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PREFACE 


TuHIs book embodies the results of research on red-green 
colour-blind subjects, supplemented by brief accounts of 
blue-yellow, total, and acquired colour-blindness to com- 
plete the description of the different forms of the defect. 

The tests on the colour-blinds were carried out unbiased 
by any preconceived theory and no rigid classification 
was attempted during the experiments themselves. As 
the investigation proceeded, the facts obtained gradually 
centred round many of the characteristics peculiar to 
the colour-blind. The subjects were ten in all: eight 
of them were students attending the graduating course 
in Experimental Psychology, the other two were science 
students. All, therefore, were accustomed to experimental 
procedure, and may be regarded as reliable subjects. 
E should like here to express my gratitude to them for 
the many hours which they placed at my disposal, and 
for their very helpful co-operation. 

The experiments were carried out at different hours 
in the George Combe Psychological Laboratory. The 
periods of testing lasted one hour at a time with rest 
intervals, and as far as possible fatigue was avoided. The 
subjects are all cases of congenital dichromasy, and 
suffer from the most common form of this defect—an 
inability to distinguish red and green. 

I have been rather fortunate in testing subjects whose 
respective colour defects show differences in degree. At 
first, it was puzzling to explain why, for example, in 
colour-matching, an equation could be obtaimed with 
one subject and not with a second. Then, as the facts 
accumulated, the explanation stood out clearly that the 
subjects were not ali sufiering from total blindness to 
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red and green, but that in their inability to discern these 
colours they could be graded as in a scale. This result 
appears to me a conclusive one, and it was verified 
repeatedly. 

One other interesting result which emerged from the 
tests was the indication of the existence of two neutral 
bands—one in the blue-green region of the spectrum, 
the other beyond the spectrum, in the complementary 
purple. This fact was established by more than one 
test, but first came to light when employing the Bradley 
Paper Test. The presence of both bands was definitely 
established in the case of some of the subjects, and was 
certainly indicated in others, This finding serves to 
explain some of the confusions made by colour-blinds, 
and it has also an important theoretical bearing. Further, 
cases of shortening of the violet end of the spectrum 
may not be so unusual—for it seems probable that the 
shortening may be explained by the extension of the 
second neutral band into the violet region, thereby 
causing a cutting-off of the violet rays. 

This investigation is merely an attempt to clear up 
some of the problems which have gathered round the 
vastly interesting condition of colour-blindness. 

I should like to express my indebtedness to Dr Drever 
for his invaluable assistance and encouragement through- 
out the investigation, and for his help in preparing the 
book for the Press. My thanks are due to Professor Roat 
for allowing me to incorporate his test ; also, acknowledg- 
ment must be made of the courtesy of the Royal Society 
of Edinburgh in granting me permission to reproduce 
Fics, VIII and [X from their Transactions. 

: MAC. 
The University, 
Edinburgh. — 


INTRODUCTION 


In the present study of colour-blindness by Dr Mary 
Collins are given the results of an investigation begun 
some four years ago in the George Combe Psychological 
Laboratory at Edinburgh. The beginnings of the in- 
vestigation were small and unpretentious. Students, 
who had difficulty with some of the colour experiments 
in the laboratory, were tested with Stilling’s Tables. In 
the class of the year referred to no fewer than ten students 
were found, who failed to such an extent with this test 
as to be considered for practical purposes as colour-blind. 
The fact that so large a number of colour-blind subjects 
was available suggested the further exploration of their 
colour experience, with such tests as were to hand in 
the laboratory. Dr Collins undertook this exploration, 
and as it soon became evident that results of considerable 
psychological interest were being obtained, the investi- 
gation was gradually extended until it reached the 
dimensions indicated by the book before us. 

Ostensibly the main object of the wider investigation 
was a comparison with respect to efficiency of various 
tests that had at different times been suggested and 
employed for the diagnosis of colour defect. The practical 
value of such a comparison is more or less obvious, and 
this practical value has been kept in view throughout, 
and, as will be seen, largely determines the order of 
presentation. But the practical value begins and ends 
with a comparison of the various tests and methods with 
respect to their facility in use and the efficiency with 
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which they bring out colour defect. The facts relating 
to the colour-vision of the colour-blind, which throw 
light on the nature of the colour experience of the colour- 
blind, are, as it were, by-products of the experiments, but 
nevertheless these are the centre of psychological in- 
terest, and, one might also say, of general interest. On 
these the book bases its claim to the attention of a wider 
circle of readers than those who are merely concerned 
with the practical use of tests for colour-blindness. 

As Dr Collins has pointed out, the curious and 
interesting phenomena associated with the condition 
commonly designated colour-blindness do not appear to 
have attracted sustained and systematic attention on the 
part of the scientist until comparatively modern times. 
Perhaps we ought not to be surprised at this when we 
Temember that many colour-blinds remain ignorant of 
their own defect, or at least of its real nature. Of course, 
it is impossible to compare directly one individual's 
sensation, say, of red, with that of another mdividual. 
So long as they both call the same things red, they can 
have no reason to suppose that their experiences of red 
are different. Hence, if, as sometimes happens, the 
colour-blind individual finds that for the most part he 
calls the same things red as other people call red, even 
though he does not know what it is to experience red, 
he will have no reason to suppose that his colour vision 
is difierent from that of other people. When, however, 
the colour defect is extreme, strange things cannot help 
happening. A speaker—obviously a typical red-green 
blind—at the Liverpool meeting of the British Association 
m 1923, describing his own experiences, said that he 
could see unripe strawberries in his garden, but he could 
never see ripe strawberries. Dr George Wilson! gives 

+ Researches on Colour-Blindness, 1855. 
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numerous instances of a similar kind, illustrating the 
interesting, and often amusing, results in behaviour, which 
an inability of this kind may occasionally involve. Thus 
he relates how an undertaker on one occasion covered 
a coffin with bright red in place of black, how a doctor 
stated that he had never met with a case of scarlet fever 
in his practice, and how a gentleman, meeting a lady 
dressed in green, thought she was in mourning and offered 
his condolences, Such striking manifestations of colour 
defect could hardly fail to excite at least transient 
curiosity and amusement, but the curiosity did not take 
on a scientific complexion till Dalton, the famous chemist, 
undertook the investigation of the phenomena of colour 
defect in his own case. 

Once scientific thought was directed systematically to 
the phenomena of colour-blindness, their important 
bearing on theories of colour vision became immediately 
obvious, and this has ever since been the main interest 
stimulating and guiding scientific study of the phenomena. 
Theories of colour vision were, of course, in existence long 
before this scientific study of the phenomena of colour- 
blindness began. Such theories date from the time of 
the Greeks, There were even psychological, as distinct 
from physical, theories from comparatively early times, 
As early as the beginning of the sixteenth century Leonardo 
da Vinci had formulated on a psychological basis a four- 
colour theory, which anticipated the well-known colour 
theory developed by Goethe, both with respect to con- 
clusions and with respect to supporting arguments, and 
which, as far as it went, was almost identical with the 
theory now associated with the name of the German 
physiologist Hering. But although psychological or 
physiological theories were in existence when the 
phenomena of colour-blindness began to receive systematic 
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attention from the scientist, the great majority of colour 
theories were definitely physical, and these physical 
colour theories formed the mental background against 
which the facts of colour-blindness came to be projected, 
the apperception-mass which was active in their 
interpretation. 

Dr Collins does well to call attention to the result of 
this state of matters on the study of the actual phenomena. 
When, on my suggestion, she undertock a purely psycho- 
logical, and as far as possible unbiased, investigation of 
the facts, I was myself an adherent of the Hering theory 
—a physiological or psychological theory—and I was 
half amused and half irritated by the obstinacy with 
which she refused to accept my interpretations, or at 
least to allow her experiments to be controlled by my 
theory. She was determined to be free from a bias in 
the direction of a psychological no less than of a physical 
theory. It is not too much to say that her attitude has 
been entirely justified by the results, In any case it was 
unquestionably the true scientific attitude. 

This question of psychological or physical theories of 
colour-vision is of some importance. It is clear that 
colour-vision is primarily the field of the psychologist. 
This should only require to be stated in order to be 
universally accepted. The phenomena are no doubt of 
interest to the worker in the field of physical optics, but 
they are in themselves psychological phenomena, and to 
regard them in any other way is thoroughly unscientific. 
After the psychologist the physiologist is next concerned. 
He also must be allowed his say before the problems really 
become problems for the physicist, 

It must not be imagined that the interest of this con- 
tention is purely academic. A single illustration will 
suffice to show how fundamental it is, For the physicist 
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the colours seen by the eye of the human being do not 
represent the starting-point of investigation. For him 
colours present themselves as a continuous rectilinear 
series, extending from red at the one end to violet at the 
other, and corresponding to ethereal vibrations of different 
wave-lengths. This series is but a part of a physical 
series, the other parts of which—at the two extremes— 
are invisible to the human eye. Red and violet are as 
far distant from one another as they could be, representing 
respectively the two extremes of the visible series. When 
we pass beyond violet, we still get the physical series, but 
the more rapid ethereal vibrations are not visible; 
similarly, when we pass beyond red, we get to invisible 
ethereal vibrations once more, but with slower vibration 
rate. From our present point of view, the main facts 
are: that the series is rectilinear and continuous, and 
that red and violet are remote from one another. 

Now the facts of colour-vision for physiologist and 
psychologist are quite different. In the first place the 
series of colours is circular, not rectilinear, red and violet 
approaching one another, and the gap between being 
bridged by the purples. In the second place there is a 
certain characteristic lack of continuity. Certam colours 
appear psychologically primitive, pure, or separate, 
others, on the contrary, presenting themselves as more or 
less mixed. Thus red, yellow, green and blue all seem 
pure colours, while orange and violet seem to be mixtures ; 
in the one case of red and yellow, in the other of red and 
blue. It is true that the red passes gradually into the 
yellow with changes in the relative proportions of the 
two components, and similarly the blue passes gradually 
into the red. At the same time red, yellow, blue, and 
probably green, are all experienced as pure, and without 
the trace of admixture of another or other colours. 
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When the physicist, from his own physical standpoint, 
proceeds to study the phenomena of colour-vision, and 
particularly of colour-blindness, he naturally starts from 
the spectrum. The more consistently he adheres to his 
physica] standpoint, the greater the certainty that he 
will take a biased and incomplete view of the facts, Ifhe 
holds fast to his spectrum basis, he is almost bound to 
force psychological and physiological facts into a physical 
mould, and to lop off or distort such as do not conform 
to the mould. Moreover, he will almost certainly place 
the emphasis wrongly, and he is also more than likely to 
employ a technique and methods of investigation, which 
are patently defective to the psychologist or physiologist. 

It is obvious then that theories of colour-vision must 
start from the psychological facts, and must be, in the 
first instance, psychological, whatever the physicist may 
have to say later regarding them. It is from this point 
of view that the phenomena of colour-blindness must be 
approached. The scientific importance of colour-blindness 
depends on its significance with reference to theories of 
colour-vision, Hence the fundamental importance of 
a precise knowledge of the psychological phenomena 
of colour-blindness. The value of the work done by 
Dr Collins consists in the fact that she has shown with 
great clearness by her investigations the real nature of the 
psychological phenomena. Other investigators have had 
more cases of colour-blindness under observation—some 
have had many more—but, so far as I am aware, no 
other investigator has been so entirely free from prejudice 
in seeking to get at the facts of the colour experience of 
the colour-blind. As we have seen, this ought to have 
been the first point determined, but preoccupation with 
some colour theory or other has generally been an obstacle, 
and colour theories have suffered accordingly. 
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There is still more to be said for the kind of investigation 
carried out by Dr Collins. Not only are the facts she 
studies of the first importance from the point of view of 
colour vision theories; they are also of great general 
interest. To be blind to the colour of objects and yet 
see the objects with perfect distinctness appears so strange 
and paradoxical that the ordinary man can hardly fail 
to be interested in knowing the kind of experience the 
colour-blind person has. This is exactly the same kind 
of knowledge as the psychologist seeks. It is also 
exactly the kind of knowledge that the investigations of 
Dr Collins yield, and it is the kind of knowledge, as we 
have just seen, that supplies the essential basis for a valid 
theory of colour-vision. 

A considerable proportion of the most recent work on 
colour-blindness has been done by physicists, and much 
of it suffers from the defects incident to their method of 
approach. The best recent work, however, is that done 
by Edridge-Green. Among modern students of colour- 
blindness no one has had so wide an experience of the 
phenomena, and no one has done more to devise means 
for protecting the community against the dangers involved 
in colour-blindness in connection with certain important 
occupations, Dr Collins has much to say regarding the 
work done by Edridge-Green. Unfortunately, Edridge- 
Green, too, has come to his facts with a theory, and has 
to some extent forced his facts to fit the theory. On the 
one hand, he begins with the spectrum, and bases his whole 
interpretation of his facts upon that. On the other hand, 
he formulates a hypothesis to explain how the coloursense of 
the human being developed in the course of racial history, 
and again, to some extent, fits his facts to lus hypothesis, 
The bearing of the facts, ascertained by Dr Collins on this 
theory and hypothesis, is, perhaps, worthy of passing notice. 
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Taking an evolutionary view, Edridge-Green supposes 
that for primitive vision the spectrum was uncoloured, 
but showed differences of brightness only. That is to 
say, if was seen as a band of varying shades of grey, and 
thus it is seen by the totally colour-blind, who represent 
this primitive stage. The first stage in the development 
of colour-vision was marked by the ability to distinguish 
the two extremes of the spectrum—the red and the violet 
ends respectively—the middle portion being still seen as 
grey, or being, as far as colour is concerned, a neutral 
band. Further development consisted in the fiiling-in 
of the neutral band with colours. 

Ali this is pure speculation, and Dr Collins has 
apparently proved that in the main it is not supported 
by the facts. The first stage in the development of colour- 
vision ought to be represented by an extreme case of 
dichromatism—or red-green blindness—like the case of 
“J” recorded by Dr Collins. For “ J,” however, both 
the red and the violet ends of the spectrum were colourless. 
It is true he has a broad neutral band in the middle of 
the spectrum. But we must also note that he has another, 
and complementary, broad neutral band from red, through 
the purples and violets, to blue. This whole area is for 
him black or dark grey. It is not at all clear why, on 
an evolutionary view, one must assume that the extremes 
of the spectrum are first distinguished. Why not the 
maximal differences in brightness, that is, the yellow 
and the violet-blue? According to the findings of 
Dr Collins, this last represents more or less the condition 
of “J's” colour-vision. But Edridge-Green would 
apparently argue that cases like “ J’ really see violets 
and reds; only they cali reds yellow, and violets blue. 
The conclusive answer is that “J,’’ at any rate, does 
nothing of the sort. He sees neither reds nor violets. 
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_ This matter of the double “ neutral band " is of special 

interest and importance. By a “ neutral band ”’ is meant 
a band of what is to the normal eye colour, which is to 
the colour-blind eye colourless or grey. To illustrate the 
actual phenomena, let me take a case not studied by 
Dr Collins. A student, who had heard that we were 
investigating colour-blindness in the laboratory, came up 
one day and offered himself as a subject. He knew 
that he was colour-blind—-slightly, he thought, but as 
a matter of fact he was markedly and typically red-green 
bind. In one test with our Bradley Paper Test, I handed 
the subject a dark olive-green card, and asked him to 
match the card on the sheets of colours. He matched it 
among the greens, fairly accurately—it was cither of two, 
he said, and one was correct. Then I asked him, pointing 
to the extreme reds and purples, if he could match it 
there. Again he found a match. Lastly, I called his 
attention to the greys, and for a third time he found a 
match, A dark olive-green, a dark purple-red, and a dark 
grey were apparentiy all for him the same colour. 

Dr Collins got confirmatory results with various 
subjects and various tests, That for partial colour-blinds, 
then, of the red-green type, there exists a colourless or 
grey band in the green region of the spectrum, admits of 
no doubt. That this band is of varying breadth in 
different subjects, as Edridge-Green contends, is also 
definitely established by Dr Collins. But, if our im- 
vestigations are based on the spectrum, and we are not 
dealing with extreme cases like “ J,” we can have no 
suspicion of a complementary neutral band beyond the 
red of the spectrum. Thus we entirely miiss a fact of the 
greatest significance for any theory of colour-vision. 
Apparently this is a fact which Edridge-Green has missed, 
Perhaps nothing could throw into clearer relief the inade- 
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quacy of a study of colour-blindness based on the spectrum, 
or the dangers lying in wait for the theorist who fails to 
distinguish between physica! colour and physiological or 
psychological colour. 

If the Edridge-Green colour theory is untenable, it 
must be confessed that several other colour theories, 
especially those based on physical data, are not m any 
better case, Hardly any colour theory, in fact, comes 
through the ordeal scatheless. As we have just seen, 
Edridge-Green’s contention that there is gradation of 
colour defect is entirely substantiated by the investigations 
of Dr Collins. This highly significant fact would seem to 
involve some modification of most existing colour theories. 
There is, indeed, considerable evidence, some of which 
we shall consider later, pointing to the conclusion that 
the conditions determining colour sensations are by no 
means so simple as the leading colour theomes would 
seem to imply. 

Another interesting fact established by Dr Collins, 
which would seem to be significant for a colour theory, is 
that the colour-blind mdividual possesses a definite 
colour system, and apparently the colour system of each 
individual] has characteristics of its own, which it is very 
difficult to interpret as due merely to the extent of the 
defect. The fact that the partially colour-blind individual 
possesses a definite colour system is of considerable 
psychological interest, Dr Collins found that even where 
colours were wrongly named they were never named in 
haphazard fashion. Of course, the confusions character- 
istic of colour-blindness were present, owing to the 
existence of neutral bands in the colour circle, but apart 
from these—and even the confusions presented a certain 
regularity and consistency—-there was every evidence of 
a definite colour system. The other point—-that the 
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colour system of each individual has characteristics of its 
own—is somewhat more doubtful. Differences of 
nomenclature would apparently account for a considerable 
portion of the evidence on which this conclusion is based. 

Bearing somewhat closely upon this same point is the 
discussion by Dr Collins of the experiments which were 
devised to throw light upon colour experiences designated 
by colour names not employed by the normal individual, 
such as “ greenish-red“’ and “ reddish-green,” For 
normal colour-vision these terms can have no meaning. 
They are employed, however, with moderate frequency by 
colour-blinds. Several previous investigators have placed 
the fact on record, and Dr Collins found these or similar 
terms employed by half her subjects. As we have just 
seen, colour-blinds do not name colours in haphazard 
fashion. Hence it becomes an interesting problem to 
determine precisely what they mean by “ reddish-green” 
or “ preenish-red,’’ and why they use such terms. The 
solution Dr Collins offers is at least plausible. She 
suggests that, though the individuals in question are 
blind to red for practical purposes, it 1s nevertheless 
exerting an influence on their colour experience. Thus 
their “ reddish-green *’ may be a colour which the normal 
individual does not experience at all. In any case, the 
name is apparently always given to a colour that borders 
on one of the neutral zones. One might at first think 
that there was a simple solution. Hf the neutral zone 
which is seen as grey is called green, then at its margin 
towards the red end of the spectrum might we not expect 
to get a colour called “reddish green’? There are two 
difficulties. In the first place, ought we not rather to 
get “ yellowish-green ’? In the second place, there are 
two neutral zones, as we have already seen. In the one 
neutral zone the grey is bordered on the left by the 
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yellows, on the right by the blues; in the other neutral 
zone the grey is bordered on the left by the blues, on the 
right by the yellows. Dr Collins finds that there are 
undoubtedly two regions of the colour circle termed 
“‘reddish-green.’” Both are to the left of the yellow and 
the right of the blue. One is in the orange-yellow region, 
the other in the purple. This certainly suggests a sensi- 
tivity to red. It should, however, be noted that there 
may be a third region, in the other neutral zone, to which 
the term is applied, which would give nse to difficulties 
the solution of which is not at present apparent. 

It must be remembered that Dr Collins finds much 
additional evidence for her view that some dichromates, 
though they do not see red as the normal individual sees 
it, and in certain circumstances confuse red with green, 
are nevertheless to some extent sensitive to red rays. 
It seems also that they may be more sensitive to red rays 
than to green rays. This is again theoretically important, 
if it should prove to be really the case. It involves 
somewhat formidable difficulties for one group of existing 
colour theories, namely, the group derived from or 
associated with the Hering four-colour theory. This is 
all the more interesting, because, on the whole, the findings 
of Dr Collins tend to support this type of theory. 

Not only are the investigations of Dr Collins theoreti- 
cally significant, but some of her practical results are 
also highly interesting and important. One of her main 
objects, as we have seen, was to institute a comparison 
of the various methods of testing for colour-blindness, 
in order to evaluate the different tests. She comes to 
the conclusion that the Edridge-Green lantern is for 
practical purposes the best test of all. But the employ- 
ment of the Edridge-Green lantern requires that a 
considerable amount of time should be devoted to each 
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individual case examined, and demands also something 
of the nature of laboratory facilities. It is, therefore, as 
it were, earmarked for use in all doubtful cases—a kind 
of final court of appeal. For a rapid preliminary 
examination, however, some other, and simpler, method 
of testing is desirable. Dr Collins finds that much simpler 
methods are reliable to a surprising extent, provided 
reasonable precautions are taken. The agreement in the 
conclusions reached on the basis of the different test 
methods is really astonishing. Stilling’s Tables, Nagel’s 
Cards, Holmgren’s Wools, our own Bradley Colour Sheets, 
ali give results in close agreement with one another, 
and with the results obtained with the Edridge-Green 
Lantern. 

The rehabilitation of the old Holmgren Wool Test cught 
to be specially noted. There has long been well-nigh 
general agreement that this test is unreliable, This is 
more than a little curious in the light of the results 
obtained by Dr Collins. One cannot help wondering 
how many of those who so freely condemn the wool test 
have ever given it a fair trial. It is true that Dr Collins 
has her own method of administering the test, and 
particularly her own test skeins. She finds that the test 
skeins suggested by Holmgren do wo give reliable results. 
But in view of her results it seems clear that, if the test 
skeins are selected on the basis of the knowledge we now 
possess of colour-blindness, few, if any, ‘ dangerous ” 
colour-blinds would escape even the despised wool test. 
Of course, the test skeins cannot be chosen at random ; 
the whole test depends on their careful selection. It is 
also interesting to see that, in this and other tests, Dr 
Collins finds that the naming by the subjects of the 
colours used is itself a method of testing for colour defect 
that frequently throws valuable additional light on the 
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nature of the defect. In this she is once more in agreement 
with Edridge-Green. 

Perhaps something ought to be said regarding the limits 
to which Dr Collins has thought fit to confine her work. 
The title ‘ Colour-Blindness”’ suggests a treatment of all 
varieties of colour-blindness. Is the reader to understand 
that all varieties are represented by the cases studied and 
described by Dr Collins? The answer is in the negative. 
She has herself indicated as much in the opening chapter. 
Colour-blindness may be either congenital or acquired. 
All the cases described are cases of congenital colour- 
blindness, It may be either partial or total. Again, all 
the cases described are cases of partial colour-blindness, 
though graded and extending nearly to the extreme state 
of total, Partial colour-blindness may be either red- 
green or blue-yellow. All the cases described are cases 
of red-green colour-blindness. Finally, there may 
apparently be two varieties of all types of colour-blindness 
—a variety with normal length of spectrum, and a 
variety with shortened spectrum, The exact significance 
of these two varieties is by mo means clear, but both 
varieties of the red-green blind are represented in the 
cases described. 

The treason for restricting detailed description to the 
varieties of red-green colour-blindness was simply that 
the cases observed and studied all belonged to this 
category. The work of Dr Collins is intended to represent 
in the main her own observations and results. fn this 
lies its chief value, She notices briefly the other types 
of colour-blindness that have been recorded. But there 
was no object to be served in giving at second-handa 
detailed description of these types. The brief notice 
given, together with the appended bibliography, will 
enable any reader who so desires to go to the original 
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records of these other types. The present work, therefore, 

is not meant to be a compilation from such records, but 
liself an account at first-hand of actual observations. 
From the time when Dalton (1766-1844) made a study of 
his own case many records of colour-blind cases have been 
made and published, both on the continent and in this 
country. Hence it may be asked further whether it was 
necessary to add to these records, and why. The answer 
is that it was necessary, because of the fact that, in spite 
of the numerous records of cases of colour-blindness, there 
is still much uncertainty regarding the psychological 
phenomena. ‘So far as Dr Collins has contributed to the 
removal of this uncertainty her records were well worth 
making and publishing. 

Writers treating of the practical bearing of colour- 
blindness are apt to confine their attention to the case of 
the railwayman and the sailor. Even thus they find no 
difficulty in showing its great practical significance. 
But its practical bearings are much wider. Dr Collins, 
in her closing chapter, has enumerated the chief occu- 
pations in which colour-blindness is a serious handicap. 
The general plan of her work afforded no opportunity of 
developing and illustrating this particular aspect. A 
single illustration, therefore, might be given here, in 
order to assist the reader in visioning her results from 
a practicalangle. The illustration is selected from George 
Combe’s System of Phrenology. In a book issuing from 
the George Combe Department of Psychology it is fitting 
that there should be some allusion to his treatment oi 
the subject, all the more when this treatment is among the 
earliest appearing in any psychological textbook— 
Combe’'s System of Phrenology may be so described. 

In discussing the organ of “ Colouring ’’—located by the 
phrenoclogists of the time in the middle of the eyebrow— 
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Combe begins by criticizing Dugald Stewart’s expression 
of opitnon that inability to name colours is generally due 
to defects in conception rather than in perception.’ Had 
he read further in the passage he quotes, he would have 
seen that Dugald Stewart admits that colour-blindness 
does exist in certain cases, though he implies that these 
are rare. Combe, however, goes on to cite some cases 
of colour-blindness, at least one of which—Milne—is a 
very typical case, Milne “was bound apprentice toa 
draper, and contmued in his service for three years and 
ahalf. During two years he fell into considerable mistakes 
about colours, but this was attnbuted to inexperience, 
and ignorance of the names of the tints. At length, 
however, when he was selling a piece of olive-green 
corduroy for breeches, the purchaser requested strings 
to tie them with; and Mr Milne was proceeding to cut 
off what he considered the best match, when the person 
stopped him, and requested strings of the same colour 
as the cloth. Mr Milne begged him to point out a colour 
to please himself; and he selected, of course, a green 
string, When he was gone Mr Milne was so confident 
that he himself was nght, and the purchaser wrong, that 
he cut off a piece of the string which he intended to give, 
and a piece of that which had been selected, and carried 
both home, with a piece of the cloth also, and 
showed them to his mother. She then told him 
that fis ribbon was a bright scarlet, and the other a 
grass-green,””* 

Milne’s condition is clearly indicated by Combe’s 
further description of the case. “As to the different 
colours, he knows blues and yellows certainly; but he 
cannot distinguish browns, greens and reds, A brown and 


1 Elements of the Philosophy of the Human Mind, Chapter 3. 
his System of Phrenology, Vol, II, p. 57 (sth ed., 1853}. Italics are 
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green he cannot discriminate or name when apart; but 
when together he sees a difference between them. Blue 
and pink, when about the same shade, and seen in daylight, 
appear to him to be of the colour of the sky, which he 
calls blue; but seen in candle-light, the pink appears 
hke a dirty buff, and the blue retains the appearance 
which it had in daylight. The grass appears to him 
more like an orange than any other coloured object 
with which he is acquainted. Indigo, violet, and purple 
appear only different shades of one colour, darker or 
lighter, but not differing in their bases,’ 

All this 1s very typical, and the reader will find that 
practically every one of Dr Collins’ subjects presents 
similar phenomena. Her fuller analysis, however, brings 
out the differences as well as the resemblances in colour- 
blind cases. While these differences are of considerable 
general interest and of great theoretical Importance, the 
points in which all resemble one another are probably of 
greater practical significance. One and all, if placed in 
a situation analogous to that in which Milne was placed 
in the draper’s shop, would have the same kinds of 
difficulties to face. 

Of course, if colour-blindness were a rarely occurring 
condition, the fact that it constituted a serious handicap 
in various occupations would be of relatively small 
significance. But it is by no means rare. It is true that 
total colour-blindness is very rarely met with, and blue- 
yellow colour-blindness occurs so seldom that there is 
still considerable doubt whether it exists as a congenital 
condition. But red-green colour-blindness is in an entirely 
different category. Among men its frequency of 
occurrence is about one in every twenty or thirty; 
among women it occurs much less frequently—perhaps 

1 Loe. ett. 
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about one in every thousand. A condition that occurs 
among men so frequently as this, and that involves, to 
such an extent, incapacity for the performance of various 
duties and various kinds of work, clearly demands the 
most serious consideration, in order that danger to the 
community or hardship to the individual may be avoided 
or minimized. The matter is sufficiently important to 
justify the testing of all children during the schoo! period, 
and in connection with the ordinary medical examination. 
Much individual hardship might be avoided in this way ; 
the precautions against danger to the community are 
already comparatively sufficient and satisfactory. 

The herditary character of colour-blindness was early 
recognized. The actual facts, however, appear to be 
somewhat complex. We have come across several cases 
where brother and sister both showed colour-weakness, 
but on being tested the brother was found to be definitely 
colour-blind, while the sister could only be characterized 
as colour-weak. It is known also that colour-blindness 
may occur in males of one generation, be latent in the 
next generation, especially in a female generation, and 
occur once more in males of the succeeding generation. 
It has been said that its inheritance passes by the female 
line. Whether the data available are sufficient to establish 
this or not, it is certain that the colour-blindness is for 
the most part latent in the female, though possibly ind1- 
cating its latency by colour-weakness, 

It is an interesting psychological exercise for the norma! 
individual to try to construct in imagination the world 
as it must appear to the colour-blind, In the case of the 
totally colour-blind, such an imaginative construction 
would eliminate from the world as the normal individual . 
sees it all colour, and everything the apprehension or ~ 

1 See below, p. 220. 
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appreciation of which depends on colour. The world 
would become a world of black, white, and various shades 
of grey—a world of light and shade only, like a landscape 
in black and white, The blue of the sky and the sea, 
the green of the field and the purple of the heather, the 
bright hues of flowers, all these would have no place in 
the totally colour-blind’s experience of the world around 
him, So, too, with respect to the people in his world. 
The changing seasons are marked for the normal individual 
by nothing so much as the changing hues of the landscape, 
These changing hues would not exist for the colour-blind 
save as changes in light and shade. Apart from changes 
in detail, such as those caused by the leaves coming on the 
trees, there would be little difference between winter 
and summer. 

For the partially colour-blind the world of Nature and 
man does not wear quite so sombre an aspect. The red- 
green blind sees blues and yellows. Hence a yellowish- 
red or a yellowish-green will be seen as yellow. Thus 
for Milne grass appeared the same colour as an orange— 
presumably yellow. Purples will be blue, if there is 
sufficient blue in them to be apprehended. The wealth 
of colour in the world of Nature and man will therefore 
be greatly diminished, though the result will not be quite 
so drab a universe as for the totally colour-blind. The 
results obtained by Dr Collins enable us to form a fairly 
accurate idea of the colours in this world. If there is a 
partial blue-yellow colour-blindness, the visible world of 
an individual so affected must be exceedingly bizarre 
measured according to normal standards, characterized 
as it would be by greens and reds alone. 

One of the tests employed by Dr Collins throws some 
light on the emotional life of colour-blind individuals so 
far as that depends on colours. This is the investigation 
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of colour preference. Colour preference depends partly 
on associations. It depends also on the direct effects of 
colours. In either case we should expect that colour- 
blindness would exert a marked influence on the 
individual’s affective reactions to colours. That it does 
so appears at once from the results of the colour preference 
experiments given by Dr Coilins. 

There can be no doubt that congenital colour-blindness, 
either red-green or total, represents mm some sort a 
reversion to a more primitive stage of development, as 
far as the organ of vision is concerned. Where precisely 
this stage is normally found in the history of the race 
is a more difficult question. Lord Avebury thought he 
had satisfactory evidence of colour discrimination among 
bees and wasps, but subsequent investigators have not 
confirmed his conclusions, and in general have found that 
his results can be otherwise explained. Investigations in 
animal psychology by Hess and others would, however, 
seem to prove conclusively that colours are discriminated 
as far down the animal scale as the birds. On the other 
hand, arguing on the basis of language, various writers 
have come to the conclusion that the colour sense in the 
human being is of comparatively late development. 

The language evidence depends on the presence or 
absence of colour words in a language. Thus, if there is 
no word in a language for green or blue or yellow, it is 
argued that the people or tribe in question are insensitive 
to green or blue or yellow, as the case may be. If we argue 
on this basis we must come to the conclusion that the 
Greeks of the Homeric period were insensitive to blue, 
since they used the same word to designate the blue of the 
sky, as they used of any dark grey object. And generally 
we find a word for red before we find a word for blue. 
But evidence of this sort is obviously inconsistent with 
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evidence obtained from other and more reliable sources. 
Actual investigation of the colour sense of primitive peoples 
has led to the conclusion that there is no evidence to be 
obtamed for the view that their colour sense is radically 
diferent from that of modern highly civilized peoples. 
Exploration of the field of colour in the retina shows also 
that the marginal and least highly developed zone is 
colour-blind, the most highly developed central zone is 
sensitive to all colours, and the zone intermediate in 
position and in development is red-green blind. 

Wundt has shown the fallacy of the philological argu- 
ment in conclusive fashion. He points out that the 
aim of language is the expression of thought, and inter- 
communication, not scientific analysis. Names for colours 
come into use only when they are required for practical 
purposes, and the scope of the practical extends as 
civilized life develops in complexity. Hence the earliest 
colour names are names of objects which have immediate 
practical importance or excite strong feelings, and have 
also a distinctive colour. Language, therefore, can 
supply little or no evidence regarding the development of 
the coloursense, One might ask, how does this bear upon 
colour-naming tests? Obviously in the namimg tests 
employed by Dr Collins the evidence from language is of 
an entirely different type, though even in this case we 
must be careful in the use of our data, and must check 
with data obtained in other and purely objective ways. 

There is one further point to which reference might be 
made in conclusion. In our ordinary everyday way of 
thinking we regard white, black and grey as colours 
equally with blue, yellow, green and red. The theory of 
colour vision associated with the name of Hering is in 


1 Lectures on Human and Animal Peyohology (Trans. by Creighton 
and Titchener) p. 101, $44, oe 
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part founded upon this ordinary view. To the two 
antagonistic processes underlying our sensory experience 
of blue and yellow, green and red, respectively, a third, 
underlying our experience of black and white, is added. 
But careful consideration of the facts obtained by Dr 
Collins, as well as of other facts of vision, makes it clear 
that black and white, with the intermediate greys, are 
in a different category from the spectral colours. The 
mere fact that blindness to black and white would be, 
not colour-blindness, but actual blindness—absence of 
vision—is itself conclusive. An individual who cannot 
see reds and greens, or blues and yellows, can still see the 
objects so coloured to the normal eye ; an individual who 
cannot see black, white or grey cannot see objects, 

The fact seems to be that in vision we have two separate 
sense departments, and at least two separate “ end- 
organs.” Seeing and seeing colours are two distinct 
types of sensory experience. If this is so, then red and 
green on the one hand, and white and black on the other, 
are both in a sense antagonistic, but antagonistic im 
different ways. If we mix on a colour mixer a red disc 
with a disc of iis complementary green, beginning with 
the red pure, and gradually adding more and more of the 
green, we get first of all a gradual diminution in the 
saturation of the red with no change of hue, then a grey 
and finally a green with increasing saturation, but no 
change of hue, till we come to the full green.’ What has 
apparently happened in the course of the experiment is 
that the added green has neutralized more and more of 
the red until it is all neutralized, and then a less and Jess 
proportion of the green has been neutralized by the red. 
But the red and green discs have affected the end-organ 
for light and shade also, so that when both colours are 
neutralized this effect only is left, and we get the sensation 
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of grey. On the other hand, if we mix a white disc and 
a black disc in the same way, we get a characteristically 
different result. We do not get a change from a diminish- 
ing saturation of white to an increasing saturation of 
black, through a grey, but a continuous series of greys, 
of which the white and the black are merely the two 
extremes. 

This experiment enables us to understand the con- 
dition of the eye in colour-blindness, as also the nature of 
the colour-blind individual’s experience of colours, The 
colour-blindness must be due to the absence or inactivity 
of some kind of “ end-organ,” which can be absent or 
inactive without light and shade vision being affected. 
Hence the colours which the colour-blind subject does not 
see as colours are nevertheless seen as greys. If, with 
a red-green colour-blind subject we perform the experiment 
with the red and green discs, we find that grey is seen 
from start to finish. It merely changes in shade. Hence 
the red-green colour-blind will match, as Dr Collins has 
found and described, greens, browns, and reds with 
one another and with grey, simply because they are all 
greys for him. Keeping these facts in view, we shall 
more readily comprehend some of the apparently extra- 
ordinary results which Dr Collins has obtained. 


J. DREVER. 
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COLOUR-BLINDNESS 


CHAPTER I 
INTRODUCTORY 


THE study of colour-blindness has been somewhat retarded 
by the concomitant study of colour theories. The 
majority of investigators have started out unduly biased 
by their favourite theory and have examined colour- 
blinds from this prejudiced standpoint. The result is 
that a great deal of unnecessary confusion has gathered 
round this subject, which has ultimately caused an obscur- 
ing of the real issues. Attempts have been made from 
time to time to get away from theories, but, on the whole, 
these have proved futile, and the results achieved are 
only gradually permeating the literature of the subject. 
Yet even in the highest authoritative references to colour- 
blindness, 1f is amazing to find that a description of the 
defect is mevitably given along the lines of some particular 
theory, although it must be admitted that some authors 
take the precaution of inserting a note to the effect that 
such a description holds only if that theory be accepted. 
Dr Hayes, who revolts against thts method, states that 
“the general topic of colour-blindness is still in a 
state which many psychologists consider to be most 
disgraceful to their science. One reason for this backward 
condition is undoubtedly to be found in the extreme 
complexity of the subject, and the enormous variations 
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from case to case; but an even greater obstacle to the 
progress of knowledge has been the almost universal 
practice of studying and classifying cases under the 
domination of some preconceived colour-theory.””+ 

The division of partial colour-blinds into Red-blind, 
Green-blind, and Violet-blind, following the Young- 
Helmholtz theory, is the most noted example of this 
falsifying of results. It is a more or less established 
fact that the so-called red-blind is aiso blind to green, 
and the so-called green-blind, blind to red, yet this 
terminology is still frequently applied to describe this 
colour anomaly. And what is more surprising is that 
in detailing tests useful in examining colour-blinds the 
tests are vitiated by the theory lying behind them. ‘The 
Holmgren wool test, a splendid one for dichromates, 
is still seemingly employed to select out the red-blinds 
from the green-blinds, and Holmgren’s coloured plate 
showing the matches which the two types of colour-blinds 
make is often referred to as authoritative. We still 
find, in so recent a book as Abney’s Researches in Colour 
Visteon, instructions similar to Holmgren’s own. “ If in 
the second test, he selects with purple only green and grey, 
or one of them, he is completely green-blind. The red- 
blind never selects the colours taken by the green-blind, 
and vice versa.””* This division of the colour-blinds into 
groups, which are totally at variance with the known facts, 
has done much to spread false ideas of the defect, and 
progress has been considerably impeded. The wool test, 
as we shall see later, is excellent for diagnosis if we leave 
aside the implications on which it was based and eject 
the idea of a rigid classification. 

i“ The Colour Sensations of the Partially Colour-Blind,” American 
journal of Psychology, 1911, Vol. XXII, p. 369. 


4 Holmgren’s own words. Quoted from a Translation by Jefines 
in Colour Blindness > its Dangers and Detection, p. 213. 
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The Helmholtz theory has been merely cited as an 
illustration of a theory predominating facts. There is 
no intention to decry the theory as an explanation of the 
various phenomena of colour defect. It has been modified 
since Young and Helmholtz first formulated it. But what 
must be emphasized is that its influence is clearly visible in 
the reports of many of the cases of dichromasy which 
have been investigated. 


Brief Historical Survey 


It is mteresting to trace the illumination which has 
been gradually thrown upon this curious defect, As the 
experiments which are to be described iater deal only 
with colour-blindness in its most common form, namely, 
blindness to red and green, only a brief account will be 
given of blue-yellow blindness and of total colour-blind- 
ness. 


I. Red-Green Cotour-Biindness 


The earliest case on record seems to be that of Harris, 
the shoemaker, reported in 1777 by Mr Huddart in a 
letter to the Rev. J. Priestley. Mr Huddart writes ‘‘ The 
account he (Harris) gave was this: that he had reason to 
believe other persons saw something in objects which he 
could not see; that their language seemed to mark 
qualities with confidence and precision which he could 
only guess at with hesitation, and frequently with error. 
His first suspicion of this arose when he was about four 
years old. Having by accident found in the street a 
child’s stocking, he carried it to a neighbouring house to 
inquire for the owner. He observed the people called it 
a ved stocking, though he did not understand why they 
gave it that denomination, as he himself thought it 
completely described by being called a stocking.’”’ This 
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seemed to imply a blindness to red, although Abney 
explains the defect as being one of green-blindness. ‘' He 
observed also, that when young, other children could 
discern cherries on a tree by some pretended difference of 
colour, though he could only distinguish them from the 
leaves by their difference of size and shape. He observed, 
also, that by means of this difference of colour, they could 
see the cherries at a greater distance than he could, though 
he could see other objects at as great a distance as they ; 
that is, where the sight was not assisted by the colour.” 
This seems to be the first scientific account of any abnor- 
mality in colour vision, although it must always have 
been a fairly common defect; evidently it had existed 
undetected. This first account appears to be a description 
of a case of confusion of both red and green. It is inter- 
esting to note that Harris had two brothers who were 
similarly affected. 

In 1794 Dalton’s description of his own case appeared? 
and attracted considerable attention—-so much so that 
Daltonism became for long the mame by which colour- 
blindness was described. He first became acquainted 
with his defect by observing a pink geranium in 
candle-light. ‘‘ The flower was pink, but it appeared to 
me almost an exact sky-blue by day. In candle-light, 
however, it was astonishingly changed, not having then 
any blue in it, but being what I called red—a colour which 
forms a striking contrast to blue.” He found on examina- 

tion that his brother suffered from the same defect—show- 
| ing, as in the case of Harris, the hereditary nature of the 
phenomenon. He further states that while he found 
‘that most people could distinguish six colours in the 
solar spectrum, his colour sensations were reduced to 
two, blue and yellow, or at the most three—blue, yellow, 


1 Literary and Philosophical Soctety af Manchester. 
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and purple. ‘“ My yellow comprehends the red, orange, 
yellow, and green of others; and my blue and purple 
coincide with theirs. That part of the image which others 
call red appears to me little more than a shade, or defect 
of light; after that, the orange, yellow, and green seem 
one colour, which descends pretty uniformly from an 
intense to a rare yellow, making what I should call different 
shades of yellow. The difference between the green part 
and the blue part js very striking to my eye; they seem 
to be strongly contrasted. That between the blue and 
purple is much less so. The purple appears to be blue, 
much darkened and condensed.” This is an excellent 
description of a colour-blind. Dalton’s defect was said 
to be due to an inability to see the colour red, and Dalton- 
ism accordingly sometimes stands for this particular form 
of colour-blindness. Dalton attributed his defect to the 
fact that one of the humours of his eye, probably the 
vitreous humour, was a colour medium, probably some 
modification of blue. But an examination of his eye 
after death did not support any such theory. . 

Goethe in 1812 in his Theory of Colours: described this 
defect of colour-blindness in the following manner. “ We 
will here advert to a very remarkable state in which the 
vision of many persons is found to be. As it presents a 
deviation from the ordinary mode of seeing colours, it 
may be classed under morbid impressions; but as it is 
consistent with itself, as it often occurs, may extend to 
several members of a family, and probably does not 
admit of cure, we may consider it as bordering only on the 
nosological cases.’’ The two cases which Goethe was 
acquainted with saw white, grey, and black in the usual 
manner. They also saw yellow, red-yellow, and yeliow- 
red, but they confused blue with pink, green with dark 


. 1Translation by Eastlake. 
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orange, green and brown. ‘ These persons saw fewer 
colours than other people, hence the confusion of different 
colours.”’ 

The next cases reported are in 1816-7 by Dr Nichols— 
one of a boy aged eleven, the other of a man aged forty- 
nine, They are both reported as making the typical 
mistakes of the red-green colour-blind. “‘ The colour I 
am most at a loss with is green; and in attempting to 
distinguish it from red, it is nearly guess-work. The 
different shades of red and green, I know not to which 
they belong ; but, when they are before me, I see a differ- 
ence in the shade. Though I see different shades in 
looking at a rainbow, I should say it was a mixture of 
yellow and blue—yellow in the centre and blue towards 
the edge.” 

In 1837 Seebeck gave a detailed analysis of the several 
cases which he had investigated. He found he could 
divide his subjects into two classes based on the difference 
in the length of the spectrum which was visible to them. 
This led later to the classification of deuteranopes whose 
colour system is reduced to blue and yellow, but who have 
a normal length of spectrum, and protanopes who likewise 
see blue and yellow but whose spectrum is shortened at 
the red end. This is the most marked differentiation of 
the present day and has been generally accepted. 

Sir John Herschel, however, was the first to put forward 
the dichromic explanation of colour-blindness. He 
pomted out in his well-known article on “ Light,” written 
for the Encyclopedia Metropolttana,’ that certain individ- 
uals could only distinguish two colours, blue and yellow. 
This seems to have been the first positive statement of 
the diagnosis of the defect—the former cases reported 
being merely descriptive. Herschel considered Dalton’s 


1 1845, § 507. 
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case as coming under this category, but this explanation 
was objected to by Prof. George Wilson. Wilson had 
taken particular interest in Dalton’s case, and considered 
that Dalton did not show signs of blindness to red. 

In Wilson’s book, Researches on Colour-Blindness 
(published in 1855), he describes a large number of cases 
which he had personally studied. He discusses the 
various theories which had been formulated at that time 
and examines many of the phenomena which had been 
observed to accompany the defect. He points out, for 
example, that some Daltonians, as he calls them, can 
distinguish colours by other means than vision, “ Slight 
differences in shape, accidental rough points, folds, wrinkles, 
and the like’”’ and touch. “‘ Wools dyed with certain 
compounds are much harsher to the touch than those 
dyed with others ; the mineral pigments, such as Prussian 
blue, or chromate of lead, in general producing rougher 
surfaces than the organic dyes, such as indigo. A wool 
dyed with a mineral might thus be distinguished by the 
touch, from one dyed with a vegetable red, although the 
colour-blind eye could detect no difference between their 
tints.”4 An important step was taken by Wilson in 
testing the colour-blinds, He used a large number of 
samples of coloured wool, coloured paper and glasses, 
which the examinee arranged in groups-—this is the 
method so splendidly adapted later by Holmgren in his 
investigations. 

Clerk Maxwell in the same year, in a communication 
to the Royal Society of Edinburgh, on ‘‘ Experiments on 
Colour as Perceived by the Eye, with Remarks on Colour- 
Blindness,’ seemed to agree with Prof. Wilson in regarding 
dichromic cases of colour-blindness as not firmly estab- 
lished. ‘‘ In experiments made with the pure spectrum, 

. Pp, rr6, 
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it appears that, though the red appears much more obscure | 
than the other colours, it is not invisible.” He adopted 
a new method of experiment, by revolving colour discs 
and forming colour equations. The discs were slipped on 
a top or teetotum which consisted of a flat disc of tin plate 
and a vertical axis of ivory. The axis passed through the 
centre of the disc, and the quantity of each colour exposed 
could be measured by a graduation on the rim of the disc, 
which was divided into one hundred parts. ‘‘ The 
principal use of the top is to obtain colour equations. 
These are got by producing, by two different combinations 
of colours, the same mixed tint. For this purpose there 
is another set of discs, half the diameter of the others, 
which lie above them, and by which the second combina- 
tion of colours 1s formed.""? Prof. Clerk Maxwell was an 
adherent of the theory first postulated by Thos, Young 
in 1801, and later adopted by Helmholtz.: This theory, 
postulated to explain the general facts of colour vision, 
assumed there were three elementary colours correspond- 
ing to which there were three nerve fibres in the retina, 
The stimulation of the first aroused the sensation of red, 
of the second green, and of the third violet. In other 
words, the action of the long wave end of the spectrum 
affected the first, of the middle wave length, the second, 
and of the short wave end, the third, but light of all kinds 
excited all three fibres though in varying degrees. In 
the modern exposition of the theory the nerve fibres have 
been replaced by three photochemical substances, Young’s 
theory received scant attention until it was revived by 
Helmholtz, and later upheld by Clerk Maxwell. It was 
easy to assume in the case of colour-blindness the simple 
explanation that absence of one of the fibres was sufficient 
3. Quoted from a letter written by Clerk Maxwell to Dr G. Wilson, 


1855. 
* Vide infra, p. 32. 
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to cause the defect. The absence of the red element caused 
an inability to see reds, lack of the green element a corres- 
ponding inability to see greens, and possibly a third case 
existed in which the lack of the third element gave rise 
to violet blindness. For a time the facts of colour- 
blindness seemed strongly in favour of this classification. 
Colour-blinds were either red-blind, green-blind, or violet- 
blind. The red-blind were blind to red, but could see 
the remaining two colours, green and violet; the green- 
blind were blind to green, but could see red and violet. 
Maxwell’s colour equations seemed to be consistent with 
this explanation. 

At an early stage, however, doubts began to arise, 
and in an account by Dr Pole of his own case (he was a 
red-green, colour-blind)* we find that he vigorously 
protests against the prevailing beliefs, and gives a careful 
analysis of his own colour vision as evidence. He had 
been pronounced red-blind by Maxwell, and green-blind 
by Holmgren, who based his conclusions on his wool test. 
Dr Pole repudiated both suggestions and claimed that 
the true solution was that he was blind to both colours. 
He based his evidence on a large array of facts." First, 
the testimony of the colour-blind themselves, who, 
whether they were acclaimed as red-blind or green-blind, 
unanimously asserted that their colour sensations were 
confined to blue and yellow. 

Secondly, the study of acquired colour-blindness. 

Thirdly, colour-blindness of one eye only. 

Yon Hippel’s case, reported in 1880, attracted con- 
siderable attention. The subject, a young man who 
knew nothing of his defect, and who came to von Hippel 
for spectacles to cure double vision, was found to be 


1 Proceedings of Royal Society of London, 1856. 
4 Transactions of the Royai Society of Edinburgh, 1893. 
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colour-blind in one eye. His left eye was normal, his 
right was dichromic. His peripheral vision was tested 
and with the right eye he was found to confuse red 
and green with yellow. Further tests with 5tilling’s 
pseudo-isochromatic tables, Holmgren’s wools, and von 
Hippel’s photometer confirmed the result. The colour 
sensations which the subject experienced with hus right 
eye were blue and yellow. Von Hippel diagnosed this 
case as one of red-green bhndness—with spectrum of 
normal length. 

Holmgren diagnosed the same case and proclaimed it 
to be one of red-blindness with shortened spectrum. 
In accord with the Helmholtz theory, as presented in the first 
edition of the Physiological Optics, 1807, the subject was 
able to see a greenish yellow and a blue tending to violet. 

Von Hippel re-tested his subject and substantiated 
his claim that the spectrum was not shortened and that 
the colours seen by the colour-blind eye and verified by 
the normal eye were blue and yellow. This was the 
first case of monocular vision reported, verifying the 
dichromasy of colour-blindness. 

Holmgren ultimately agreed that blue and yellow were 
the only colours seen, and von Kries, also a staunch 
supporter of the Young-Helmholtz theory, noted the 
result. They refused to admit, however, that such a case 
affected the validity of the theory, but agreed that the 
application of it to explain dichromatism was no longer 
tenable, | 

Fourthly, the analogy of peripheral colour-blindness, 

The result was overwhelming evidence that the colour 
system of the colour-blind was composed of blue and yellow 
As Dr Pole so justly remarks, “Not a fact of any kind 
to lead to the belief that the sensation is not yellow, but 
red or green. Nothing but a peculiar inference drawn 
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empirically from a certain theory which, though command- 
ing the greatest respect in regard to colour vision generally, 
does not in the least necessitate the form of application 
to colour-blindness under which this inference has been 
drawn.’”! 

We find Helmholtz in 1892 referring to the former 
explanation as an ‘“‘old attempt to explain colour- 
blindness.” He adopted blue and yellow as the two 
fundamental sensations of the colour-blind, and declared 
that the absence of one of the elements no longer explained 
the defect. The three fundamental colours, red, green, 
and violet, were changed as regards their degree of excit- 
ability. The sensation of yellow was said to arise from 
the fact that the red and the green elements were equally 
stimulated. 

This solution was objected to by Hering' who had 
postulated a different theory to explain the facts. His 
theory of colour-vision assumed six simple visual] sensa- 
tions, white, black, yellow, blue, red, and green. These 
can be arranged in pairs, white black, yellow blue, red 
green, which are complementary to each other, and at 
the same time antagonistic. The mixture of these six 
colours in different proportions gives rise to all the colour 
sensations. 

From an examination of different cases, Hering con- 
cluded that the division into red and green blinds was a 
false one—that the red-blind was also blind to green. 
His explanation was, therefore, that the absence of the 
red-green elements would meet the case, leaving blue and 
yellow, black and white as the sensations of the colour- 
blind. The spectrum would appear-—in accordance with 
the known facts—yellow and blue with different degrees 

1 Pole, tbid. 


t 4a Essay towards the Explanation of Colour- Blindness by the Theory 
of Opposite Colours. 
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of saturation. ‘‘ The red-green blind patients always 
point out pure yellow and blue correctly, and no two 
colours in which blue, on the one hand, and yellow, on 
the other, are prominent, are ever mistaken for each 
other.”: Hering explained the two varieties of red-green 
colour-blindness as due to differences in the macular 
pigmentation. 

Hering alluded to the new explanation of colour- 
blindness offered by Helmholtz, namely, that the red and 
green curves had become identical, and concluded “ on 
the whole, that if the Young-Helmholtz theory had not 
been bequeathed to physiologists as a venerable legacy, 
it would certainly never have been drawn from the 
examination of the colour-blind.’’* 

The results of these two great theories have been that 
partia] colour-blinds have been divided into classes— 
three classes by the advocates of Helmholtz, red, green, 
and violet—-two classes by the advocates of Hering, red- 
green blindness and blue-yellow blindness. 

Von Kries suggested the terms deuteranopes and 
protanopes to mark off the different types exclusive of 
any particular theory. The deuteranopes are those 
whose colour system is reduced to yellow and blue, but 
who see colour throughout the whole length of the 
spectrum ; the protanopes are those whose colour system 
is reduced to yellow and blue, but whose spectrum is 
shortened at the red end. In this second type the point 
of maximum brightness has been found to be shifted 
towards the green ; in other words, they show the Purkinje 
phenomenon in ordinary light. Dr Rivers suggested the 
two terms photerythrous and scoterythrous? to describe » 


From a Translation by Pole, Philosophical Magazine, Vol. XXXVI, - 


189%. 
* fbtd., p. Lag. 
+" Vision,” in Schafer's Text-book of Physiology. 
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the two groups. He adopted the terms from Dr Verral, 
of Trinity College, Cambridge, but unfortunately they 
have not met with general acceptance. : 

The two, however, are not found sufficient to describe 
all cases which show deviation from the normal. Seebeck, 
even in 1837, found certain cases which he was reluctant 
to classify as colour-blinds, and yet they showed signs 
of abnormality. They seemed to be cases of weak colour 
vision. It was not until 1881, when Rayleigh reported 
the results of his experiments,’ that these cases were 
understood. Rayleigh found that a number of individuals 
with otherwise normal vision were unequally sensitive 
to red and green. In equating red and green equal to 
yellow (since known as the Rayleigh equation) some 
were found to require far more red than the normal: others 
required an excess of green. Von Kries, in describing an 
extensive series of experiments, applied the name ‘“ anom- 
alous trichromates”’ to them, and this term has gained 
universal currency. The anomalous trichromates see the 
three fundamental colours of Helmholtz in the spectrum 
but are unequally sensitive to red and green. Guttman 
advocated the terms “red-weak”’ and “‘ green-weak,’’ and 
distinguished seven characteristic symptoms which they 
manifested ; a reduced sensitivity to colour stimuli 
especially when the stimulus is of short duration, small 
area, and Jow intensity, a decidedly heightened colour 
contrast, difficulty in comparing colour tones of unequal 
brightness or saturation, and quick fatigue to colour 
stimuli. These seven inter-related symptoms form a 
complex state,so that the abnormality varies considerably 
with different individuals. 

Nagel rejects the term colour-weakness as being too 
wide, and prefers the term anomalous trichromatism, 


1 Nature, 25, 64—6, 1981, 
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It is customary to divide these anomalous trichromates 
into two groups corresponding to the two groups of 
dichromatism—deuteranomalous trichromates whose sen- 
sitiveness to green is below normal and protanomalous 
trichromates whose sensitiveness to red is below normal, 

Research on colour-blinds since has been carried out 
m the hope of solving various problems, or are merely 
descriptive. The followers of Helmholtz, such as Abney, 
have adopted new methods of studying the defect, all 
with a view of proving the favoured theory. It is inter- 
esting to note that Abney’s luminosity test was adopted 
by the Board of Trade in 1912. The adherents of Hering 
have been equally assiduous in supporting their claims. 
New theories have arisen, each claiming to be a 
better interpretation of the facts, and a number of them 
have explamed colour-blindness as a regression to a 
previous stage of colour evolution. 

One large advance which has been made has been the 
devising of tests for practical use. It has long been 
recognized that red-green colour-blindness may be a 
danger to the community in such occupations where the 
distinction between red and green is of paramount import- 
ance, and accidents on sea and rail have often been 
attributed, and im some cases traced, to this cause. 

One of the largest contributors of tests devised to pick 
out dangerous colour-blinds has been Professor Edridge- 
Green. In his capacity of Examiner to the Board of 
Trade, he has examined a large number of candidates, 
and has embodied his results in numerous publications. 
He rejects the simple classification of colour-blinds into 
dichromates, for he finds many grades and varieties of 
severity of the defect. The individual of normal vision 
can see six colours in the spectrum (sometimes seven}, 
and he accordingly is ranked as a six-unit (or a seven-unit). 
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According to the number of colours he can perceive, an 
individual is a five, four, three, two, or a one-unit. The 
two extreme ends of the spectrum are the first to be seen 
red and violet—the dichromate therefore can see red and 
violet. But Edridge-Green points out that, as the colour 
perception improves, the red and violet will invade the 
grey and approach each other. When the whole of the 
grey has disappeared, the colours seen will not be red and 
violet, but blue and yellow. ‘Yellow is the cenive colour of 
the red unit and blue the centre colour of the violet unit. 
The three-unit sees red and violet, and a third colour, 
green, makes its appearance. The four-unit can see red, 
yellow, green, and violet, the five-unit red, yellow, green, 
blue, and violet, and the normal six-unit red, orange, 
yellow, green, blue, and violet. In addition to these 
classes, there are others distinguished by shortening 
either of the red or the violet end of the spectrum, The 
two-unit corresponds to the dichromate; the three, four, 
and five-units are anomalous trichromates. This theory 
is interesting in showing the grading of the colour sense 
from the six or seven normal unit to the two, one, or none- 
unit class, which represents total colour-blindness. 
Edridge-Green bases his results, published in Colour- 
Blindness and Colour Percepiion, on an examination of a 
hundred and sixteen cases. He has devised a pocket wool 
test: a classification test; a colour perception Spectro- 
meter, and constructed a lantern specially devised to 
detect dangerous colour-blinds. He rejects Holmgren’s 
wool test as unsatisfactory, and attaches great importance 
ta the colour names which the colour-blind employ. The 
dangerous colour-blinds, according to Edridge-Green, are : 


1. Those who see three or less colours in the 
spectrum. 
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2. Those who, whilst being able to perceive a greater | 
number of colours than three, have the red end . 
of the spectrum shortened to a degree incompatible - 

_ with their recognition of a red light at a distance 
of two miles. 

3. Those who are unable to distinguish between the - 

. . wed, green, and white lights at the normal distance 

. through defect or insensitiveness of the cerebro- 

- retinal apparatus when the image on the retina 

is diminished in size? (2.¢., those of central - 
scotoma). : : 


Collins, who, in 1918,* carried out an examination of 
a thousand persons with the Edridge-Green lantern, con- 
firms these results and marks as dangerously colour-blind 
the three classes enumerated above. His final judgment 
is, that the dangerous colour-blinds can be satisfactorily 
discovered by means of the Edridge-Green lantern. 

' Professor Hayes, in the American Journal of Psychology, 
IgII, gives the results of a series of experiments which 
he carried out with the intention of showing that dichro- 
matism should be regarded as a limiting case. He asserts 
that there are mild cases of colour-blindness who can see 
red or green under favourable conditions, that there are 
protanopes who can see some greens, and deuteranopes 
who can see some reds. His main results are based on a 
case of monocular protanopia, and he gives convincing 
evidence that his subject in certain experiments could 
distinguish green. ‘“‘ If we grant that von Hippel’s patient 
saw only blue and yellow, must we not also grant that 
Miss G, S. sees green, blue, and yellow? ‘This assumption 
is supported by abundant indications that many of our. 


1 Hunterian Lectures on Colour-Vision and Colouwr-BHnudsess, p. 47. 
4 Public Heatth Bulletin, No. 92, Wash. Govt. Printing Office, 1918, 


INTRODUCTORY r7 


colour-blinds possess a similar sensation to red or to green.” 
In confirmation he adds, in a footnote, that Nagel reported 
that, among thirty dichromates, both protanopes and 
deuteranopes, examined by him, none failed to recognize 
various shades of red when a sufficiently large area of the 
retina was stimulated. Professor Hayes’ ultimate con- 
clusion is, that there is a large mass of evidence which 
points out the presence of sensations of red or green in the 
colour systems of the partially colour~blind. He asserts 
that a strict classification of colour defectives is necessarily 
artificial, and that there are numerous transitional cases 
between normality and total colour-blindness. Dichro- 
masy should be regarded as an extreme variation, and not 
as a typical condition of the partially colour-blind. 


2. Bluc-Yellow Blindness 

Congenital blue-yellow blindness has not been definitely 
established, although one or two seemingly authentic cases 
have been reported. Itis generally considered to be patho- 
logical in character and teaccompany definite changes in the 
retina. Parsons! points out that “it is simulated in cases 
of jaundice and sclerosis of the crystalline lens, these being 
due to absorption by yellow pigment.” Abney* and Hess* 
have found that the same defect may arise in cases where 
the pigmentation of the macula is unusually dense. 
Although the majority of cases are of this type, cases 
have also been recorded in which the defect seems to be 
congenital in nature. Such a case has been reported by 
Richardson. ¢ 

Biue-yellow blindness, as may have been gathered from 
the foregoing remarks, occurs very rarely. Asa result its 

1 An Introduction of Colour-Viston, p. r8i. (All references are to 
tat Edition), 

? Proceedings of the Royal Socisty of London, 1891, 49. 

41 Hess, dvck, f. Anai., 61, 29, Tg08. 


‘ Psychological Bulletin, Vol. VIII, 1g1z, 55-6, 214-5; American 
Journal a Psychology, \ Vol. XXXIV, ‘1923, 157-184. ee 
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existence has been disputed and its investigation has not 
been so thoroughly undertaken as in the case of the other 
form of partial colour-blindness. As its name implies, 
blue and yellow are the confusion colours, and as there is no 
danger arising from inability to distinguish red from green, 
this type of colour-blindness has not the same practical 
importance which might necessitate a closer analysis of 
its characteristics, It is, however, of considerable theo- 
retical importance. 

In a manner analogous to the type of colour-blindness 
considered in Section 1, this second form of partial colour- 
blindness has received various names according to the 
theory under which it has been discussed. If we regard 
it from the standpoint of the Young-Helmholtz theory, we 
find it described as violef-blindness, or as Maxwell prefers 
to call it—still in terms of the same theory—b/we-blindness. 
It is caused by the absence of the third colour-perceiving 
element. This leaves the other two colour elements, 
red and green, as clear colours for such abnormals. Theo- 
retically the spectrum of the violet-blind must be repre- 
sented as follows: “ The red is a purer red colour (not 
yellowish) than normal red, but still less ‘ saturated.’ 
The more it inclines towards orange, the more strongly 
luminous it is, but is at the same time less ‘ saturated,’ 
more whitish. The yellow is, as it were, a combination of 
almost equal proportions of the fundamental colours that 
form white. Green is a strongly luminous but whitish 
green, which, in tending towards the blue, becomes more 
and more ‘saturated’; so that greenish-blue must be — 
the type of these hues. The dive is 2 green of moderate 
luminosity, and strongly ' saturated’; and viele? Is green — 
very feebly luminous, but also ‘saturated’ in a much . 
higher degree than the normal. A violet strongly luminous - 
is sufficient to induce this green, but a feeble violet, © 
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although very sensible to the normal eye, is black to the 
colour-blind im question.”” 

Hering describes this defect as biue-yellow blindness— 
the absence or insensitiveness of the blue-yellow substance 
being cited as the pre-disposing condition, This leaves 
red and green as definite colour sensations. Von Kries, 
who terms the two forms of red and green blindness 
protanopia and deuteranopia respectively, employs a similar 
designation to blue-yellow blindness, namely, trifanopia. 

Kénig’s* observations on this type of partial colour- 
blindness (a study of five cases) seems to indicate that, 
like red-green blindness, blue-yellow blindness is a reduc- 
tion form of colour-vision, in that matches, valid for the 
normal eye, are also accepted as correct by the tritanope. 
Fe locates the neutral point of the spectrum in the yellow, 
somewhere between 566 xx. and §70 uz. Colour 
matches were made with yellow and its complementary 
blue, and confusions found to exist between orange and 
reddish purple, yellowish green and bluish violet. 

Donders, who has also examined a case of tritanopia, 
finds a large neutral band in the yellow and the spectrum 
shortened not only at the violet end but at the red end 
also.* 

Stillmg*‘ has studied nine cases of biue-yellow blindness 
and his finding is that whether colour-blindness is con- 
genital or acquired—-very similar phenomena and char- 
acteristics make their appearance. 

Abney* has only met with one genuine case of violet 
blindness, as he terms it. The case is remarkable because 
of the curious nomenclature employed. The only two 


1 Translation by Holmgren, Tae Smetiksontan Report, 1877. 

t Sitzungen der Akademie der Wrssenschaft, 1897. 

a Ann. d’ocul,, 1880, 34, 212, 1980. 

4‘ Ueber Entstehang und Wesen der Anomalien dea Farbensinnes.”’ 
Zettschvifi fiir Sinnesphystologie, 1910. 

§ Colour-Vision, 1895. . 
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colours seen are red and black. Ai greens and biues are 
called black, the former “ bright black,’’ the latter ‘' dark 
black.”* Yellow is described as white, and it is in this 
region, that the neutral point occurs. It is worth noting 
that Miss Richardson’s case saw blue asa dazzling white. 

For a fairly extensive bibliography on this form of 
dichromasy consult Parsons' An Introduction to the Study 
of Colour-Vision ; Further Advances in Physiology, edited 
by Leonard Hill, London, 1909, an article on ‘‘ Theories 
of Colour-Vision,” by Greenwood. 


3. Total Colour-Blindness 

Monochromatic vision, or total colour-blindness, is not 
frequently encountered, only about eighty cases having 
been described in all. Its existence, however, has been 
proved beyond all dispute. 

The totally colour-blind sees the spectrum as a colourless 
band differing only in lumimosity ; no colour sensation 
at all is experienced. Such monochromats are in general 
painfully dazzled by bright light; im fact, ordimary 
illumination of any kind is sometimes unbearable for 
them, but in dim light they can see fairly accurately. 
Usually, subjects suffering from such a defect also show 
symptoms of photophobia, nystagmus (or irregular move- 
ments of the eyes to and fro) and, in some cases, poor 
central vision. 

It is difficult to imagine the visual sensations of such a 
colour-blind, but if we regard his case in not too detailed 
a Inanner, it is possible to compare his visual field to an 
engraving in contradistinction to a corresponding coloured 
picture. 

A summary of the results of Hering, giving black and 
white equations of a typical colour-blind is very illumin- 
ating. They are quoted from Greenwood.? 7 

1 Physiology of the Special Senses, p. 108, 
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Hering's Case of Total Colour-Blindness 


a1 





a. 


Coloured circle 


Equally bnght circle 
for colour-blind 


White Black | 

degrees degrees 
Bluish-red ... vee wes I3°0 34770 
Yellowish-red vas ves 5°5 354-5 : 
Orange bas ass aes 37°0 323°0 
Yellow 136°5 2235 
Arsenic green 228-0 132-0 
Green eee 152-0 208-0 | 
Greenish-blue te 109'5 2505 
Ultramarine-biue ... ves 88-3 e517 
Violet 47°5 3I2°5 


These Tables clearly show the difference in brightness 
which each colour in the spectrum has for the totally 
colour-blind, It is interesting to note that these equations 
are valid for the normal eye under conditions of dark 
adaptation. 

There seem to exist two distinct forms of achromaiopia, 
as it is sometimes called. In the one form, the region of 
maximal brightness is in the yellow, as in the normal eye, 
while in the other, the region of maximal brightness lies in 
the green. It is this second condition which appears to be 
so similar to the condition of the scotopic eye. In many 
cases an absolute central scotoma has been found to 
accompany the defect. This means that the fovea is 
totally blind not only to colour but to light sensations of 
any kind. The presence of nystagmus which accompanies 
so many cases of total colour-blindness, renders this fact 
difficult to establish, and it cannot be said conclusively 
that foveal blindness is present in all such cases. The 


22 INTRODUCTORY 


statement can only be made that it occurs in many of the 
cases which have been recorded; and further, as Parsons 
points out ‘ Whether all cases have an absolute central 
scotoma or not, it is certain that foveal vision is very 
defective even as compared with parafoveal, as is admitted 
by Hess.’*! 

Wilson in his Researches on Colour-Blindness states 
that total colour-blindness is rare, but that several well- 
marked cases are on record. He writes, ‘“ The most severe 
sufferer from colour-blindness may be expected to see as 
large and as perfect a rainbow or spectrum as others do, 
although to him it is colourless. The different bands, 
such as the bright yellow, the dark blue, and the inter- 
mediate red, will affect his eye differently in virtue of 
their different luminosity.” 

One of the cases collected by Wartmann goes back as 
far as 1684, and is quoted by Wilson. “ A young woman, 
thirty-two or thirty-three years of age, came to consult 
Dr Dawbeney about her sight, which, though excellent 
in other respects, incapacitated her from appreciating 
any other colour than white and black, although she. 
could often read for nearly a quarter of an hour im the 
greatest darkness,’’ A family is referred to by Spurzheim, 
“all the members of which could only distinguish black 
and white.”” ‘Three persons of one family, named Harris, 
are also referred to, ‘“‘ who distinguished in colours only 
tints of luminous intensity, calling all bright tints white, 
and all dull ones black,’’? | 

The following case described oy Donders 1 18 S quoted by 
Joy Jeffries.* : 

“ Professor Donders reported an interesting case of. 

1 An Introduction io the Study of Colour-Vision, p. 189. 

® The o niginal authorities for these statements are given in Taylor's 


Sctentifie Memoirs, 1846. . 
ad Colour- Blindness : sts Dangers and its Detection, p. 35. Footnote, 
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congenital total colour-blindness at the Heidelberg 
Ophthalmological Society, 1871 : An educated young man 
of twenty-one years of age was totally colour-blind. 
Strong light blinded him; in moderate light he saw very 
well. He was myopic one-eighth, and read for hours 
without glasses. Out of doors, all glasses which absorbed 
light, without difference—even the brightest coloured 
ones—were pleasant to him, because they reduced the 
light. In the dioptric spectrum of a gas-lamp his brightest 
part was between the spectral lines, D and E, close to E: 
hence in greenish yellow. From here outwards towards 
the red end the light faded rapidly ; towards the violet, 
at first, slowly, then rapidly. By moderate illumination 
he lost less of the brightest of the spectrum on this side 
than towards the red end. With the polariscope, the 
complementary colours through the quartz plate 
appeared to him of the same colour. In turn- 
ing the double refractive prism he had 2a maximum 
of brightness at every ninety degrees, or equality 
of brightness, as if the quartz plate was not there. 
He had the greatest difference when Donders himself 
saw purple and green; equality, when he saw yellow 
and blue. Trials were also made with Chevreul’s 
chromatic Circle.” 

These cases which have been quoted give a fairly clear 
account of the nature of the defect. One other case, 
studied by Hess and Hering, yields interesting features, 
and has attracted considerable attention. 

Those cases in which foveal blindness occurs—blindness 
to light as well as to colour—tell in favour of certain 
theories. In the fovea there are no rods, only cones ; 
therefore, if total blindness occurs at the fovea, it seems to 
indicate that colourless light sensations are connected with 


1 Psychological Review, Vol. V, 1898 ; or Pfléger's Archiv, 71, 195. 
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the rods, since an area devoid of rods Produces no nent 
sensation whatever. == °) a ay 

This fact seems to support ¢ the theories of Konig, von 
Kries, and Ladd-Franklin. But different cases have been 
reported (at least three) in which there is no blindness at 
the fovea, implying, therefore, that in the fovea there must 
exist some form of apparatus capable of arousing light 
sensations. Ifsuch facts are correct—as they undoubtedly 
aré—they are unfavourable to all theories which state 
that cones produce sensations of colour, whereas rods are 
only concerned with colourless sensations. It is Hering 
and Hess who have reported such cases in which no 
blindness at the fovea occurs. These investigators, there- 
fore, conclude that: ‘‘ The hypothesis of Kénig and von 
Kries, in accordance with which the totally colour-blind 
differ from those who have normal vision either by the 
absence or by the functionlessness of the cones, finds no 
support in our observations.”? Dr Ladd-Franklin, how- 
ever, points out im the same article, that, although these 
cases do not support such theories, they do not, on the 
other hand, withdraw support from them. In fact, Dr 
Ladd-Franklin states that three hypotheses suggest them- 
selves, {a) that the fovee of these three subjects contain 
not cones but rods: but that the rods are lacking in visual 
purple, a condition which has been established by Kihne as 
characterizing the rods in the immediate vicmity of the 
fovea. {b} That the fovee may contain undeveloped 
cones which are incapable of arousing any colour sensation, 
but which contain the same photochemical substance as 
the rods. (c) That there must be no visual elements in 
the fovez capable of performing any unction. 

Dr Ladd-Franklin concludes that, “ The result of this 
work of Hess and Hering, therefore, need not be anything 


1 Psychological Review, 1898, p. 503. 
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more than to force an upholder of this hypothesis? to 
the assumption that there are two forms of total colour- 
blindness, one (with nystagmus, foveal blindness, and 
avoidance of high lights) due to a defective condition of 
the cones, and the other (without those attendant 
symptoms) due to some difficulty in the nerves of con- 
duction in their receiving stations. And this latter form 
is much the least frequent. It is certain that the totally 
colour-blind boy whom Professor Konig had in his labor- 
atory in the summer of 1894, had no vision in his fovea. 
Of a group of small bright objects, he constantly lost 
one out of sight; and it was only necessary to stand in 
front of him, and ask him to look at you, to see plainly 
that in his effort to look you straight in the eye he was 
obliged to tur his eyeball markedly to one side,’’* 


4. Acquired Colour-Blindness 


The study of acquired colour-blindness is a most inter- 
esting one. The individual has had normal colour vision, 
but becatise of certain disease in the eye or brain his 
colour-vision is impaired and he becomes to all intents 
and purposes colour-blind. One feature which is common 
to most cases of acquired colour-blindness is the presence 
of some disease of the optic nerve. Acquired colour- 
blindness, although apparently independent of defective 
vision, invariably accompanies some other serious loss of 
vision, either of form or of light. Sometimes the blindness 
to colour only affects the fovea, and consequently only 
central colour-vision is involved, just as frequently an 
absolute central scotoma occurs in monochromatic 
cases, The rest of the retina may have colour vision 
unimpaired. A very common predisposing cause Is over- 

1 Namely, that cones condition colour sensations, rods, colourless 


sensations {Author's footnote}. 
4 Loe. ott. . 
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indulgence in tobacco. Red and green are the usual 
colours which areaffected.2 ‘‘ Some will distinguish yellow, - 
and very nearly all will distinguish blue with the centre 
of the eye. Ifa bright spectrum be thrown on the screen 
and a tobacco-blind person be requested to name the 
colours of the different parts pointed out to him, it is 
often, the case that as his eyes follow the pointer he will 
tell you that in the extreme red he sees no light, but m 
the bright red he sees dull white. The bright yellow he 
will tell you is a pale yellow or white, according as his 
case is a moderate or a bad one; the green he calls white, 
and the blue and violet he will designate correctly. At 
the same time that his eye is turned away.to another 
colour, he will see the true colours of the part of the 
spectrum which he has just incorrectly named, but it 
will disappear again as he turns his eyes back agam. 
This tells us that his sense of colour is apparently 
unaffected outside the diseased area.’ When testing 
such colour-blinds it is important that the colours shown 
be not too Jarge, otherwise they wili stimulate not only 
the diseased area, but the area outside it, and in conse- 
quence the colours will be accurately described or matched 
as the case may be. 

Colour-blindness may be caused by an accident. 
Wilson® records the case of a physician who was thrown 
from his horse and who suffered concussion of the brain. 
“On recovering sufficiently to notice distinctly objects 
around him, he found that his perception of colours, 
which was formerly normal and acute, had become both 
weakened and perverted: and it has since continued. 
so. . . . All coloured objects . . . now seem 
strange to him. The rainbow is quite destitute of hue, - 


1 Abney, Cofour-Vision, London, 1895, p. 142. 
9 Researches on Colour-Biindness, 1855, p. 39. 
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appearing as a white semicircle against the sky, or as a 
lunar rainbow does to most normal eyes. This absence 
of colour in the solar spectrum, however, is largely due 
to the weakening of Mr B.’s colour-vision: for certain 
of the tints of coloured objects held near to the eye are 
well enough distinguished, especially yellow and blue. 
Red and green are indistinguishable from each other. . . , 
Whilst formerly a student in Edinburgh he was known as 
an excellent anatomist ; now he cannot distinguish an 
artery from a vein by its tint. He was previously fond 
of sketching in colours ; but since his accident he has laid 
it aside as a hopeless and unpleasant task. Flowers have 
lost more than half their beauty for him, and he recalls 
the shock which he received on first entering his garden 
after his recovery, at finding that a favourite damask 
rose had become i ali its parts, petals, leaves, and stem, 
of one uniform dull colour; and that variegated flowers 
had lost their characteristic tints.”’ 

Tyndall reports a case of Mr White Cooper. I[t is 
‘a most interesting case and, as Jeffries points out, contains 
a word of warning. 

“The sufferer was a sea captain, and, ten or twelve 
years ago, was accustomed, when time lay heavy on his 
hands, to occupy it by working at embroidery. Being 
engaged one afternoon upon a piece of work of this descrip- 
tion, and anxious to finish a flower (a red one, he believes) 
he prolonged his labours until twilight fell, and he found 
it difficult to select the suitable colours, To obtain more 
light, he went into the companion, or entrance to the 
cabin, and there continued his needlework. While thus 
taxing his eyes, his power of distinguishing the colours 
suddenly vanished. He went upon deck, hoping an 


1 Quoted in Jefiries, Colour-Blindnass - its Dangers and tts Detection ; 
and in Edridge-Green, Golour-Bisndness and Colowr-Perception. 
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increase of light would restore his vision. In vain. From 
that time to the present he has remained colour-blind. ° 
Berlin worsted, with which he had been accustomed to 
work, he at once and correctly pronounced to be blue. 
He had a keen appreciation for this colour, and never 
made a mistake regarding it. Two bundles of worsted 
—one a light green, and the other a vivid scarlet—were 
next placed before him. He pronounced them to be both 
ofthesamecolour. A difference in shade was perceptible ;. 
but both to him were drab. A green glass and a red glass" 
were placed side by side between him and the window ; 
he couid discern no difference between the colours, A very 
dark green he pronounced to be black; fruits, partly of 
a bright red and partly of a deep green, were pronounced 
to be of the same uniform colour. A cedar pencil and a 
stick of sealing-wax, placed side by side, were nearly alike. 
The former was rather brown ; the lattera drab. Electric 
light through a green glass, allowed to fall on a screen, 
gave him no colour, but only that portion of the screen 
was @ little less intensely ilhuminated. 

“ Captain C. was assured that, previous to the circum- 
stances related, he was a good judge of colours ; so that, 
pronouncing on any colour, he had an aid from memory 
not usually possessed by the colour-blind. Indeed, he 
had an opportunity of reviving his impression of red. A 
glass of this colour was placed before his eyes while he 
stood before the electric lamp. On establishing the light, 
he at once exclaimed, ‘That is red!’ He appeared 
delighted to renew his acquaintance with this colour, 
and he declared that he had not seen it for several years. 
The glass was then held near the light, while he went to 
a distance; but in this case no colour was manifest: 
neither was any colour seen when a gas-lamp was regarded 
through the same glass, The intense action due to prox- 
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imity to the electric light appeared to produce the effect. 
Captain (€.’s interest in this experiment was increased 
by the fact that the Portland light, which he had occasion 
to observe, has been recently changed from green to red : 
but he has not been able to recognize this change. The 
fare m the fore-cabin of a vessel of his own, which he now 
commands, happens to be sixpence; and he is often 
reminded by the passengers that he has not returned their 
change. The reason is, that he confounds a sixpence with 
a half-sovereign, both being to him the same colour, A 
short time age he gave a sovereign to a waterman, believing 
it to be a shilling.” 

An instructive instance of acquired colour-blindness 
is recorded by Kollner.? He watched the progress of 
the disorder from normal] colour-vision to complete colour 
defect. He found that two stages can be distinguished. 
First m the early stage, the defect somewhat resembles 
the conditions of anomalous trichromatism. But to 
begin with, yellow and red are distinguished, although 
yellow and green are confused. 

In the second stage,* “ and final stage all the colours 
from red to the neutral band in the blue-green are confused, 
and distinguished only by differences in brightness.” 

Where the defect is caused by tobacco or by a drug 
such as santonin, it is progressive in character, and at first 
may be indicated only by a failing of the visual faculties. 
No loss of colour perception may be noticed, and usually 
the disease is far advanced before a defect in colour becomes 
evident. Such defect, however, unlike the other forms 
of colour-blindness, is curable, and absence of the cause 
restores colour-vision to normal. It will be evident that 
tests for colour-blinds, when for practical purposes, should 

t “Zur Entstehung der erworbenet Rotgritnblindheit,” Zettschrift 


Sir Sinn siglogie, 1gto 
we Peyeh ecient Bulletin, I91I, Article by Hayes. 
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be instituted at regular intervals in order to detect any 
progressive cases of colour anomaly. : : ° 

Artificial colour-blindness may be produced by fatiguing 
the eye for certam colours; for example, if red-blindness 
is induced, then scarlet flowers will appear black, and 
pink flowers sky-blue, as in the experiments carried out 
by ¢ G. J. Burch,* | | 


1 See Greenwood's Physiology of the Special Senses. 
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COLOUR THEORIES WITH SPECIAL REFERENCE TO 
COLOUR-BLINDNESS 


In ail theories it seems more or less agreed that colour- 
blindness is a reduction system of normal colour vision. 
Again and again it has been found that equations valid 
for the normal eye are equally valid for the colour- 
blind eye. This points to the conclusion that the 
dichromate lacks something which the normal eye 
has—but has nothing which the normal eye does not 
possess. 


I, Young-Helmholtz Theory 
(The Three Components Theory) 


This theory first propounded in r8o0r by Thos, Young 
and resuscitated in 1860 by Helmholtz is one of the 
most important. - 

The colour sensations are reduced to _ three 
fundamental colours, red, green, and violet, corres 
ponding to which there are three nerve fibres in 
the retina—now replaced by three photochemical 
substances. 

Stimulation of the first fibre produces red, of the second, 
green, and of the third, violet. But homogeneous light 
excites all three in different proportions according to the 
wave lengths, _ ee 
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The three curves represent the proportional stimulation . 
of each set of nerve fibres with pure light. (1) is red 
nerve fibre, (2) green, (3) violet. 


Red. Stimulates strongly the red, 
less the other two. Sensation is Red. 
Yellow. Stimulates moderately the 
red and green, feebly the : | 
- violet, , Sensation is Yellow. 
Green, Stimulates strongly the 
green, much less the other 
two. Sensation is Green, 
Bive, Stumulates moderately the 
: green and violet, feebly 
the red. Sensation ts Blue. 
Violet. Stimulates strongly the 
violet, feebly the other Z 
two, | Sensation is Violet. 


Equally strong stimulation of all the fibres gives the 
sensation of white. Absence of stimulation gives the 
sensation of black. : 

The red now adopted as primitive ; is a carmine red 
{a red bluer than the extreme red of the spectrum), 
the green, a yellowish green, and the third element an 
ultramarine blue. : 
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According to this theory the partial colour-blinds may 
be divided into the following classes : 


1. Partial colour-blindness, in which one of the three 
fundamental sensations 1s completely absent. 
A. Red-blindness. 
B. Green-blindness. 
C. Violet-blindness. 


z. Incomplete colour-blindness, where one or all of the 
three fundamental elements are inferior in 
excitability. 


Red-Biindness 





RA O Y G B Vv 
oler Holingren 
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_ In red-blindness, the colour sensations of the individual 
are reduced to green and violet. 


Red. Appears as a saturated green of very feeble 
intensity. 

Feeble Red. Does not sufficiently stimulate any of the 
fibres ; therefore 1t appears black. 

Yellow. Appears as a saturated green and intensely 
luminous, “and as it constitutes the precisely 
saturated and very intense shade of that colour, 
it can be understood how the red-blind select 
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the name of that colour, and call al] those tints 
that are properly speaking green, yellow.” 
Green, Appears as a more intense but whitish shade of 
the same colour as yellow and red. 
White. Is composed of the two elementary colours and 
appears blue-grey to normal vision. 


The colours between green and blue are seen, therefore, 
as grey. The rest of the spectrum appears blue or violet. 


Green-Blindness 





R oY G BY 
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Fig. III 


In the case of the absence of the green element—the 
colour system is derived from the other two elements, 
red and violet. 


Red. Stimulates strongly the red fibre and faintly the 
violet one. It appears to the green-blind asa 
strongly saturated red. 

Orange, Also a saturated red. 

Yellow. A more intensely luminous red than spectral 

red. 

Green. Is the grey of the colour-blind because it is 


composed of equal parts of red and » violet. 
Bive. Is an intense violet. 


__ + Quoted by Holmgren. See Smithsonian Report, 1877. 
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This explanation of the two common types of red- 
and green-blindness was accepted for some time, and 
experiments which were carried out seerned to fit in with 
the theoretical hypotheses. The first objection to the 
theory as an explanation of colour-blindness was raised 
by Edmund Rose, who, from his own personal experience, 
based on observation of colour-blinds, found the theory 
to be incompatible with fact. He found that both 
types of colour-blinds declared their fundamental 
sensations to be yellow and blue. Helmholtz noted 
Rose’s results, but thought they were insufficient to alter 
his theory, although he admitted that, “in the case of 
congenital colour-blindness, it might well be imagined 
that the activity of the nerve fibres might not be removed, 
but that the intensity curves of the three kinds of light- 
sensitive elements might change, whereby a much greater 
variability in the effect of objective colours on the eye 
might arise.’’* 

John Aitken, F.R.S., of Falkirk, in a paper on “ Colour 
Sensation’’" suggested that “the nerves might be so 
constructed that the red nerves might be sensitive to all 
the rays to which the green nerves are sensitive,’’ so that, 
both nerves being excited by either red or green rays, 
‘“‘the sensation produced would be what we call 
yellow.” 

Leber,* in 1873, published results which seemed to con- 
firm the view that yellow was the sensation of the 
dichromic, because the red and green fibres were equally 
stimulated. This explanation was later adopted by Fick,¢ 
and Kénig, in 1886, expounded the same view ata 
meeting of the British Association in Birmingham. 

1 Handbuch der Physiologischen Opttk, znd Edition. 

® Scottish Sociely of Aris, 1872. Quoted from Pole’s Article in 
Transactions of the Royal Soctely of Edinburgh, 1893. 


#Zehender's Kiinische Monaisbidtier fir Augenhetiznunde, Vol. XI, 1873. 
4Hermann’s Handbuch der Physiologte, Vol, (11, Part 1, 1879. 


36 COLOUR THEORIES AND COLOUR-BLINDNESS 


Helmholtz, in 1892, in the second edition of his 
Physiological Optics, confirms this new modification of 
the theory, and further points out that the former division 
into red and green-blinds is no longer advisable. ‘‘ One 
of the greatest stones of stumbling for years past has 
been the division, consequent on the ‘old’ explanation, 
of dichromic patients into the two theoretically distinct 
classes of ‘red-blind’ and ‘ green-blind.’ It is obvious 
that this division naturally disappears when the old 
explanation is abandoned; but Helmholtz takes pains to 
show geometrically that his new theory gives no place 
for such a division. And he, moreover, expresses the 
opinion that such a division does not seem to have been 
fully justified by observation.’’ 

According to this new explanation red-blindness would 
be explained thus : 


CMRI CUTIVE 
AadCurve 
R O VY G GB B 
other Norres and Ofiver 
Fic. IV 


The red element has become similar in sensitivity to the 
green element. 

The spectrum consists of yellow and blue, but the 
yellow begins not in the red but in the orange. Blue- 
green excites all three elements and therefore is seen as 
grey ; the neutral band therefore lies towards the violet 
end of the spectrum. The red and green curves, equally 
excited, give sensations of yellow. 


i J pilosophical Magasine, Article by W. Pole, ‘' Helmholtz Theories,” 
35, 1893. _ Co, 
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Green-Blind 
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The green element has become similar in sensitivity 
to the red element. 

The spectrum is seen as shades of yellow and blue. 

The green excites all three elements and therefore will 
be seen as grey. (Note the difference from the case 
above, where the neutral band lay in the biue-green.) 

Again, red and blue are stimulated equally at this 
point, giving the purple of the normal eye; therefore, 
purple is equal to grey, which in turn is seen as green. 


2. McDougall's Theory 


McDougall has modified the Young-Helmholtz theory.* 
He accepts the three fundamental colours, red, green and 
blue, but adds an independent mechanism for white 
having its retinal seat in the rods. In the first place, he 
bases his theories on a large number of observations 
carried out on the fading and “ mutual inhibitions ”’ of 
visual images. Secondly, he argues that the hypothesis 
of a special black-exciting process, such as is postulated 
with Hering’s theory, is unnecessary. McDougall, there- 
fore, adopts the duplicity theory of von Kries. He 
writes, “von Kries has brought together evidence that 
makes it appear in the highest degree probable that the 


1 See Mind, N.S., Vol. X, rgo1. 
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rods are the retinal elements of an independent white 
apparatus, which functions alone in the normal eye when 
affected by light of low intensity only, and in the mono- 
chromatic eye. This view of the functions of the rods 
had been suggested thirty years before to Max Schultze 
by his studies in comparative histology. This bypo- 
thesis of an independent white-exciting function of the 
rods must then be taken up into and incorporated with 
Young’s theory, and then, when this is done, the difficulty 
in representing the development of the visual processes 
in terms of this theory at once fades away.””! 

McDougall thus assumes a separate retimo-cerebral 
apparatus for each of the three photopic colours of red, 
green and blue, and for the scotopic white element. He 
further assumes that each eye has its own set of four such 
systems quite independent of the other. The sensation 
of black is experienced when ‘‘ complete fading ”’ occurs 
and the visual cortex is at rest. 


Colour-Biindness 


His explanation of colour-blindness follows from his 
theory of the evolution of the colour sense. Vision begins 
first, and exists in the lower animals, as monochromatic, 
varying only in brightness, and similar to our white or 
grey sensation, The first stage is the differentiation of 
the rays of light of the warm and cold endsof the spectrum. 
The cold rays, in addition to setting free a white-exciting 
substance, would begin to set free “a substance that by 
the excitement of a concurrently differentiated retino- 
cerebral apparatus would add the sensation of blue to 
that of white.”* Similarly, the warm rays would produce 
a sensation of yellow. If mixed light stimulates the 
retina at this stage of development, all three systems will 
: 1 Jbid., p. 241-2, en Ebtd. 
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be excited. McDougall points out that it would be 
advantageous for the yellow and blue to fuse and form 
white and thereby reinforce the sensation of white caused 
by the excitation of the older apparatus. If yellow and 
blue fused to give a new sensation——the result of stimu- 
Jation by mixed light would be a sensation composed of 
this new colour added to white—the pure sensation of 
white would then be lost for ever. All that would be 
possible would be yellow and blue and a yellowish blue 
probably. 

The peripheral zone of the retina is still a relic of 
this primitive stage of monochromatic vision, while the 
totaliy colour-blind are cases of a total reversion to 
“this remote ancestral condition,” 

The middle zone of the retina shows the second stage 
of differentiation in which yellow, blue, and white are 
al} that are experienced, and the “frequent cases of 
bichromatic vision, in which yellow and blue and white 
seem to be the only sensations that can be aroused by 
stimulation of the retina, are cases of reversion to or 
arrested development in this more recent ancestral 
condition.” 

McDougall, tracing the stage of evolution further, shows 
how, for advantageous reasons, the differentiation would 
next proceed in the region of the yellow, giving rise to 
the sensations of red and green. These, when stimulated 
simultaneously, fuse in a yellow sensation; otherwise 
the primitive white and the original yellow will be lost. 
As the red and green developed (and the development 
takes place from the fovea centralis outwards), yellow 
would disappear from the central region, just as white 
itself no longer is found in the fovea. The white, however, 
remains in the other parts of the retina, probably because 
it assists vision in dim illumination. 
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This view, McDougall claims, especially when it is 
remembered that the rods are the end organs for the 
white apparatus, brings the Young theory, as he prefers 
to call it, into harmony with all the known facts, especially 
with regard to those of colour-blindness. 


3. Hering's Theory 
a (The Opponent Colours Theory) 


The Hering: theory rivals the Young-Helmholtz in 
importance, Hering bases his theory on six elementary 
colours, elementary so far as introspection can discover, 
These are red, green, yellow, blue, white, black. Red, 
green, yellow, and blue are the toned or bright (bunie} 
colours ; white and black are the toneless colours. The 
toneless colours can be arranged in a graded series from 
the most intense white to the deepest black, forming, 
when combined in different proportions, various shades 
of grey ; the toned colours can be arranged in a circular 
series with the four elementary colours forming four 
divisions, The colours, therefore, can be arranged in 
two pairs, yellow and blue forming one pair; red and 
green the other. We cannot pass directly from yellow 
to blue, we have to pass through green, a member of the 
other pair. In other words, we cannot have a reddish 
green nor a yellowish blue. The yellow may combine 
with the red and form a new compound colour i which 
both elements are recognizable, or with green and form. 
a yellow-green, but it cannot combine with the other 
member of the same pair, blue, and form a compound 
colour. For,no matter what proportions of yellow and. 
blue are combined, no new hue will appear ; the mixture 
will appear either yellow or blue, except where the two. 


1 Zur Lehre vom Lichistnne, 1878: Zur  Brllérwng @ der Farbenbiindhett, - 
aus der Theorie der Gegenfarben, 1880, ar 
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colours are neutralized, and then neither colour will be 
recognizable. These complementary colours forming a 
pair are, therefore, opposed or antagonistic colours. 

Corresponding to these two pairs of antagonistic 
colours, there exist two elementary systems somewhere 
in the retino-cerebral apparatus, one of which gives rise 
to red and green, the other to yellow and blue. A third 
system gives the colourless sensations of black and white. 
The physiological action of a colour and its complementary 
is antagonistic. Each of the substances can undergo a 
building up or an anabolic process, and a breaking down 
or a katabolic process, 


Red is caused by katabolism in the red-green apparatus 


Orange | etabolion »  Ted-green _ 
" katabolism ,, yellow-blue __,, 

Yellow » katabolism ,, yellow-blue __,, 
Green > anabolism ,, red-green - 
Blue - anabolism ,, yellow-blue _,, 
; katabolism ,, red-green ” 
Violet | anabelisn » yellow-blue _,, 
White » katabolism ,, white-black ,, 
Black ” anabolism ,, white-black _,, 


In most kinds of stimulation all three systems are set 
in action and the resultant sensation depends upon the 
relative amount of excitation of each substance. Thus 
orange is composed of red and yellow, and m Hering’s 
terminology we should say that orange has a red “ value " 
(Valenz) and a yellow “value.” Further, all spectral 
colours contain white, so that each colour has a white 
“* value” in addition. This white is most distinct in the 
yellow and the yellow-green. All coloured lights, except 
the four primary colours, have therefore three values 
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corresponding to their action on the three different 
substances. All rays from the extreme red end of the 
spectrum have in addition an effect on the yellow process 
as far as the pure or fundamental green. These rays 
are said to have a yellow value. All rays from the green 
to the violet end of the spectrum affect the blue process 
—they are said to have a blue value. The yellow is so 
weak at the beginning of the spectrum that the red 
overpowers it, and the ultimate sensation experienced is 
red—the yellow is invisible to the normal eye. The 
four divisions of the spectrum may thus be represented : 


First division contains Red and Yellow and White. 


Pure Yellow » Yellow and White. 

Second division ,, Yellow and Green and White, 
Pure Green , Green and White. 

Third division » Green and Blue and White. 
Pure Blue » Blue and White. 


Fourth division ,, Blue and Red and White, 


The spectrum, therefore, can be divided according to 
the excitation of the yellow-blue substances, and we 
get yellow in the first half, blue in the second half; these 
two divided by pure green with a white value. 

Hering substituted for his former explanation of 
luminosity as wholly due to the black-white component, 
the theory of “the specific brightness of colours.” 
Certain colours possess an inherent brightness or darkness 
of their own. The brightness of a colour sensation 
depends, therefore, on two causes: (1) on the inherent 
brightness (or darkness) of the colour itself; (2) on the 
amount of excitation of the white-black process. The 
warm colours, red and yellow, possess an inherent 
brightness (Eigenhellighest) ; che cold colours, green and 


. HERING THEORY “= = 43 


blue, possess an inherent darkness (Kigendunhethett). 
“ A toned colour may generally be regarded as made up 
of four fundamental components, two toned and two 
tone-free (white and black). It is only in colours of the 
tone of a primary that a singie-toned component is 
present. In any red-yellow colour, ¢.g., orange, we have, 
therefore, to distinguish three fundamental components 
(red, yellow, white}, and one dark (black) ; in any green- 
blue, on the other hand, three dark (green, blue, black}, 
and one bright (white). The red-blue and the green- 
yellow colours would contain two bright and two dark 
fundamental components. 

“ From what has been said, the following rules can be 
deduced : 

“Tf two colours of equal tone and equal purity differ 
in brightness, this is due to a difference in their black- 
white components. 

“Two colours differmg In tone may, notwithstanding 
equal deprees of purity and equality as regards their 
black-white components, differ in brightness. 

“With equality of conditions as to the black-white 
components, a yellow, a red, or a yellow-red colour is so 
much the brighter, a blue, a green, or a blue-green so 
much the darker, the more distinct the colour tone m 
comparison with the black-white components.”* 


Colour- Blindness 


Red-green blindness is due to the absence of the red- 
green substance. As we have already seen, if the red 
and green elements are removed, the sensations of yellow, 
blue, black and white still remain. The sensations of 
the red-green colour-blinds are accordingly yellow and 
blue. Red, orange, yellow and some of the green will 


1 Quoted from Greenwood, Physiology of the Spectal Senses. 
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appear as yellows of difierent degrees of saturation; part 
of the green and blue and violet will appear as blues of 
different degrees of saturation. The pure green will be 
colourless. 

The peripheral zone of the retina, according to Hering, 
shows the same conditions as in colour-blindness. In 
the outermost zone of the retina, as in total colour- 
blindness, only the white-black substance is present. 
Red-green blindness corresponds to the middle zone of 
the retina, where yellow and biue are the only colours 
experienced. The investigations which Hess has carried 
out along these lines have given strong confirmation of 
Hering’s views. 

Hering’s greatest difficulty has been to account for the 
two varieties of red-green colour-blindness. Undoubtedly 
both types see yellow and blue im the spectrum. But 
they vary in regard to the region of the yellow in which 
the point of maximal brightness occurs. Hering explained 
this difference as due to differences of pigmentation of 
the macula and lens, and offered the same explanation to 
account for the differences in normal vision of anomalous 
trichromates. The yellow pigment in the macuia absorbs 
the warm end of the spectrum very little, is at its maxti- 
mum im the yellow-green region, and diminishes in 
action towards the cold end of the spectrum, 

Hering, in 1885,’ examined a number of cases and 
found he could divide them into two groups. One group 
matched spectral red with spectral blue in the ratio of 
1-15: 1, the other group im the ratio of 7 to 1. He 
found the position of pure green to differ in the two 
groups—the green requiring to be of greater wave-length 
in the case of the first group. In colourless mixtures of 


i Pfltiger’s ante, Vol, LXXI, p. 105, qq. 
* Lotes, 
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red and bluish-green, greenish-yellow and viclet, and 
yellow and blue, the first group required larger quantities 
of the shorter wave-length component. The first group 
was said to be relatively yellow-sighted, the second group 
relatively blue-sighted, the distinction being based on 
their responsiveness to these colours. Hering examined 
two marked cases of individual variation in pigmentation 
--Professor Biedermann and Dr Singer. Professor 
Biedermann, with little macular pigmentation, he termed 
relatively yellow-sighted; Dr Singer, with preater 
pigmentation, he termed relatively blue-sighted. Hermg 
therefore suggested that the two classes of red-green 
colour-blindness were extreme cases of yellow- and blue- 
sightedness, combined with greater or lesser pigmentation 
of the macula. The protanopes or scoterythrous group 
would be regarded as relatively blue-sighted (or blue 
anomalous); the deuteranopes or photerythrous would 
be regarded as relatively yellow-sighted. 

If the explanation is correct, one would expect to find 
gradation cases—passing gradually from protanopia to 
deuteranopia—-but such does not seem to be the case. 
Von Kries and Abney, by experimentation, have shown 
that the basis of differentiation between scoterythrous 
and photerythrous cannot be a physical one. Tschermak, 
a staunch adherent of Hering’s theory, is also inclined to 
give up this explanation. 

Dr Rivers, however, states that ‘‘the variations of 
pigmentation may be discontinuous ; and in the absence 
of direct investigation of the question the existence of 
two distinct groups by no means destroys the validity 
of the proposed explanation. It seems probable to 
Hering that there is a relation between macular (and 
lens) pigmentation and development of the colour sense. 


1 Tschermak, Ergebnisse der Physiologie, 1902. 
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In cases of red-green blindness, it seemed as if the group 
with more pigmentation (yellow-sighted or photerythrous) 
had a more highly developed blue-yellow sense, and 
Hering supposes that the shortening of the spectrum in 
the scoterythrous group may be due to weakness of the 
yellow sensation.””! oo 


4. Miiller’s Theory 


Miller is an exponent of the Hering theory, and has 
suggested some modifications. He accepts as funda- 
mental the colours red, yellow, green and blue of Hering 
and the white-black apparatus. These four chromatic 
processes and the two achromatic processes are at the 
periphery ; but in addition to these there are six central 
values. The red process excites the red, yellow and 
white values; the yellow process excites the yellow, 
green and white; the green process excites the green, 
blue, and black; the blue process excites the blue, red 
and black. The yellow process excites the red and the 
yellow processes, thereby exciting the red, green, yellow 
and white values. The red and green neutralize one 
another, leaving the sensation of yellow. | 

Miller substituted a reversible chemical process for 
Hering’s antagonistic processes of anabolism and kata- 
bolism. 

Miiller was dissatisfied with Hering’s explanation of the 
two types of red-green colour-blindness and gives the 
following explanation. ‘The red light of the spectrum, 
he assumes, besides its effect on the red-green substance, 
may have also an effect on the yellow-blue substance, and | 
it may even have two such effects—it may act upon it, in 


} Article in Schifer’s Text-book of Phystology, p. 1118-9. 
a Zettschrift fiir Psychologie und Physiologie der Stunesorgane, 10, 
1896; 14, 1897. | 
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the first place, directly, by producing out of the 
decomposition of the red-green substance some one or 
more of the constituents of the yellow material (with 
which, in the original form of the hypothesis, red light 
had nothing to do). The first type of the red-green 
blind—those formerly called red-blind—are totally lacking 
in the red-green substance; these are the typical yellow- 
blue visioned. But the second type—those formerly 
called green-blind—see yellow in the place of both red 
and green for some totally different reason—either 
because the nerve fibres which conduct the retinal 
excitation are not of the normal constitution, or because 
some still other constituent which is usually found already 
prepared in the retina is now absent. In this fashion it 
will be seen that the so-called red-blind lack all the 
indirect effect of the light of the spectrum upon the 
yellow-blue substance, while that indirect effect still 
persists for the green-blind.”* Ladd-Franklin regards 
this explanation as complicated and far-fetched. 


3. Ladd-Franklin’s Theory 
| (The Molecular Dissociation Theory) 


This theory assumes that the colour sense in the earliest 


Naw, 


stage of its existence was restricted to grey only, which © 


includes the whole range of colourless sensations. The 
sensation of grey is produced by the decomposition of a 


grey molecule. The decomposition of the molecule sets - 
free a chemical substance which acts upon the retinal . 
nerve endings and so a sensation is experienced. The -: 
molecule consists of a firm inner core to which is loosely — 
attached an outer range of atoms. These atoms are - 


1 Psychological Review, Vol. VI, Article by C. Ladd-Franklin. 


48 COLOUR THEORIES AND COLOUR-BLINDNESS 


“torn off’ in decomposition and the sensation ensues. 
The cause of the “ tearing off ’’ of the atoms is the ether 
vibrations which are in the visible spectrum. The middle 
part of the spectrum has a more powerful effect on the 
atoms, as is shown by the sensations of the totally 
colour-blind. 

This grey substance exists both in the rods and in 
the cones. In the rods it still exists in an undifferentiated 
condition, so that “it goes to pieces all at once under 
the influence of light of any kind.’? In the cones a 
differentiation has taken place and decomposition takes 
place in different stages. But the complete decomposition 
of the molecules in both rods and cones excites sensations 
of white or grey. ‘‘ For black, the theory supposes that, 
in the interest of a continuous field of view, objects which 
reflect no light at all upon the retina have correlated 
with them a definite non-light sensation—that of black.’’? 

The colour molecule appears at the second stage of 
development. The outer range of atoms in the cones 
segregate into two groups, having different vibration 
rates; “‘ one fitted to be shaken to pieces by light from 
the warm end of the spectrum, and the other by light 
from the cold end of the spectrum,”? and the two 
sensations of yellow and blue are experienced: “in a 
third stage of development, the yellow-producing 
constituent is in its turn broken up into two parts of 
such different internal vibrative periods that they respond 
respectively to the red light and green light of the 
spectrum.”* The red and green colours are not comple- 
mentary. If the red and green atoms are decomposed 


1 Psychological Review, Vol, IIL. 
a Quoted from Woodworth, Psychology: a Study of Mental Life, 


p. 2 
a ‘Psychological Revtow, VoL ¥t. 
4 Thid., Vol. VI. 
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together, they revert to the more primitive yellow 
response, Similarly, when the yellow and blue atoms 
are decomposed together, they revert to the more 
primitive white or grey sensation. When all three, yellow, 
red and green are stimulated, complete decomposition 
takes place, and the original grey sensation results, 
These reversions must take place below the level of 
consciousness, for yellow does not appear to be composed 
of red and green nor white of yellow and blue. The 
combination will take place probably within the retina 
and be of the nature of a chemical union of some kind. 


OF. 
SOO 
SOO 


Fig. VI 





This theory assumes three fundamental colours, red, 
green and blue, out of which all others arise by 
combination ; it also recognizes the four primal colours, 
red, green, blue, yellow, each unlike the other three. 
A compound colour such as blue-green is formed in the 
following way. The biue rays “tear off” from the 
molecules the atoms corresponding to the vibrations of 
the blue rays, and the green rays “tear” from the 
molecules the atoms whose vibration rates are coincident 
with the green rays, and the resultant sensation is blue- 


green. 


50 COLOUR THEORIES AND COLOUR-BLINDNESS 


The first stage corresponds to the sensation experienced 
in the peripheral zone of the normal eye; the second 
stage corresponds to the middle yellow-blue zone; the 
third stage to complete vision such as in the fovea. 

The grey substance in the rods can be decomposed by 
a single-colour stimulus—but the grey substance in the 
cones requires a compound-coiour stimulus before the 
sensation of grey can be experienced. As we have 
already seen, stimulation of the cones by a single colour 
only causes partial decomposition and a colour sensation 
is produced, 

The rod-pigment or visual purple which is “not the 
substance whose chemical decomposition affects the 
optical nerve-ends ’’! is a secondary means for securing 
adaptation to a famt light, and not directly a vision- 
producing substance at all. It acts by absorbing (for 
the purpose of reinforcing faint light vision} a large 
amount of the light which usualiy passes entirely through 
the transparent rods and cones to be lost in the choroid 
coat . . . it is adapted to aiding vision in the 
gloomy depths of forests because green light is the light 
which it absorbs, and fishes, which alone, of all vertebrates, 
have a rod pigment of a distinctly different colour, are 
exactly fitted for utilizing the last rays of the hght which 
penetrate deep into the waters of the sea.’’* | 


Colour-Blindmess oe 

Dr Ladd-Franklin regards colour-blindness as an 
atavistic condition. In total colour-blindness the grey 
molecule has remained undifferentiated and grey is the 
sole sensation of which the retina is capable. In red-green 
blindness the second stage of development is permanent. 
The grey molecule has become differentiated into yellow 

1 Ibid,, Vol. V. ® Ibid., Vol. VI, 
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and blue, but no further differentiation has taken place. 
Yellow and blue, therefore, are the only two colours 
which are visible to the red-green colour-blind. “‘Itis as 
if red-vision had fallen out and green-vision had been 
turned into yellow-vision for the one sort; and for the 
other sort it is as if green-vision had fallen out and 
yellow-vision had taken the place of red-vision.”? 


6, Schenck’s Theory 


Schenck’s theory’ seems to be along somewhat similar 
lines. He is, however, an advocate of the Young- 
Helmholtz theory which Ladd-Franklin does not claim 
to be. He recognizes five simple sensations, red, green, 
yellow, biue and white, but only three of these are 
fundamental, red, green and blue, which correspond 
physiologically to three “visual substances.’’ He 
explains the development of the colour sense as starting 
from a sensation of white, which is conditioned by a visual 
substance which belongs to the cones only and which 
corresponds very closely to a similar substance in the 
scotopic visual substance of the reds, The white substance 
becomes differentiated into two substances, giving sensa- 
tions of yellow and blue respectively which, when simul- 
taneously excited, determine a reversion to the primitive 
sensation of white. Ultimately the yellow substance 
becomes differentiated into red and green which, when 
equally and simultaneously stumulated, arouse the sensa- 
tion of yellow. White and yellow accordingly have no 
simple physiological counterparts. 

' Schenck assumes that each of the three visual sub- 


1 Fbid., Vol, VI. Ge 
© Arch. f. d, gas. Phystol., cxviii, 129, 1907. 0 Vo. So 
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stances has two parts.:. One part acts as a receiver for 
the stimulus [a stimulus-receptor (Retzempfdnger) or, as 
has been suggested by Richarz, a kind of optical resonator] 
and this determines the luminosity of the sensation ; 
a second part, which determines the nature and mtensity 
of the sensation, is set into activity by the receptor. This 
is called the sensation-stimulator (Empfindungserreger), 
and according to its excitation, which is dependent on the 
amount of energy set free by the stimulus-receptor, the 
luminosity of the resultant sensation is determined. 


Colour-Blindness 


The red substance has a special stimulus-receptor and 
sensation-stimulator, and so have the green and blue ; 
the red for long waves, the green for medium waves and 
the blue for short waves. The amount of energy set 
free by the green receptor, for example, goes directly to 
the green stimulator, with which it is associated physio- 
logically, and no energy is diverted along any other 
channels. 

In red-green colour-blindness, however, a difference 
occurs. The blue receptor acts as before for the short- 
waved stimulus; the red and green are not differentiated, 
and objective light acts on the red or green receptor or 
on both, but they in turn are connected indiscriminately 
with the two corresponding receptors; the resultant 
sensation therefore is always that of yellow, Schenck 
regards red-green colour-blindness as a case of arrested 
development, in which the final differentiation of yellow 
into red and green has not taken place. In deuteranopia 
the three receptors and stimulators seem to be present, 
but the association between them has not become 
established in the case of the red and green visual 

1 See Parsons, An Intvoduction to the Siudy of Colour-Vision, p. 286, 
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substance. In protanopia, on the other hand, the 
receptor of the red visual substance is absent—although 
the stimulator is present. This means that long-waved 
light would cause no sensation at all in the case of red 
blindness, but medium-waved light would stimulate the 
receptor of the green visual substance, which would 
distribute its energy indiscriminately between the red 
and the green stimulators causing a sensation of yellow. 


7. Edridge-Green’s Theory 


Professor Edridge-Green’s theory assumes that visual 
purple is the sole visual substance. Visual purple is to 
be found im the rods only, and the rods are concerned 
merely with the formation of visual purple and take no 
part in visual sensations. (This is contrary to the strong 
evidence adduced in favour of his duplicity theory by 
von Kries and also by others who hold that the rods 
are the visual organs for scotopic vision.}' 

Light rays impinge on the retina, setting free the visual 
purple from the rods, and a photograph or optogram is 
formed on the retina. The decomposition of the visual 
purple or rhodopsin stimulates the ends of the cones, 
setting up a visual impulse which is transmitted to the 
brain via the optic nerve. “In the impulse itself we 
have the physiological basis of the sensation of light, and 
in the quality of the impulse the physiological basis of 
the sensation of colour, The impulse being conveyed 
along the optic nerve to the brain, stimulates the visual 
centre, causing a sensation of light, then passing on to 
the colour-perceiving centre, causes a sensation of colour, 


1 The experiment, carried out by Ladd-Franklin and Ebbinghaus, 
reported in Nature, Vol. XLVIII, p. 517, seems further conclusive 
evidence against this view. 
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But though the impulses vary in character according to 
the wave-length of the light causing them, the retino- 
cerebral apparatus is not able to discriminate between 
the character of adjacent stimuli, not being sufficiently 
developed for the purpose. At most, seven distinct 
colours are seen, whilst others see, in proportion to the 
development of their colour-perceiving centre, only 
6, 5. 4,3 or 2. In the degrees of colour-blindness just 
preceding total, only the colours at the extremes of the 
spectrum are recognized as different, the remainder of 
the spectrum appearing grey.’’! 

In the fovea there are cones only and no rods, therefore 
there is an absence of visual purple in the fovea. 
Edridge-Green claims, however, from direct observation 
and on entoptic grounds, that there are four canals or 
depressions leading into the fovea which conduct the 
visual purple from the rods into the centre of acutest 
vision. He and Devereux Marshall examined the retinas 
of two monkeys which had been kept in a dark room 
for forty-eight hours beforehand, and they claimed that 
the visual purple could be seen between the cones in the 
fovea.?, Their observations, however, have not been 
confirmed—in fact, have been contradicted by Kiihne 
and Nettleship. Entoptically the visual purple in the 
canals can be seen, on waking in the morning, as a rose- 
red star projected against a dull white surface, such as 
the ceiling. This observation of Edridge-Green confirms 
that previously made by Tait* and Boll. | 

Tt is difficult to say at present exactly how the visual 
purple acts as a stimulus transformer, but this ts because 
so many plausible hypotheses immediately occur to us. 
It is very probable that light acting upon the visual 


1 Hunterian Lectures on Colour-Vision and Colour-Biindness, p. 10, sqq. 
4 Transacitons of the Ophthalmological Society, 1902, p. Joo 
* Proceedings of tha Royal Society of Edinburgh, 7, 605, 1869. 
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purple is, according to its wave-length, absorbed by 
particular atoms or molecules, the amplitude of their 
vibrations being increased. These vibrations may cause 
corresponding vibrations in certain discs of the outer 
segmnents of the cones, which seem especially constructed 
to take up vibrations. We know that when light falls 
on the retina it causes an electric current. We know how 
the telephone is able, through electricity, to convey 
waves of sound, and something similar may be present 
in the eye, the apparatus being especially constructed 
for vibrations of small wave-length. The current of 
electricity set up by light may cause the sensation of 
light, and the vibrations of the atoms or molecules the 
sensations of colour,’’! | 

He further points out that two processes are continually 
going on in the visual purple, as in all vital processes ; 
a katabolic or breaking-down process of the visual purple 
by light and an anabolic or building-up process by the 
pigment celis and rods. 

“The retina, therefore, corresponds to a layer of 
photochemical liquid in which there are innumerable 
wires, each connected with a galvanometer. When 
light falls upon a portion of this fluid, the needle of the 
galvanometer corresponding to the nearest wire is 
deflected. The wires correspond to the separate fibres of 
the optic nerve, and the galvanometers to the visual 
centres of the brain.’ 


Colour-Blindness 


Edridge-Green bases his theory of the evolution of the 
colour sense on his theory of psycho-physical wnits. 
A psycho-physical series is a physical series as it appears 

2 Hunierian Lecteres on Colour-Vision and Colour-Biindness, p. 21, 


agg. 
* Tbid., p. 23. 
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to the mind. In colour the physical series is represented 
by the solar spectrum, but the psycho-physical series 
differs greatly with individuals. The majority of 
individuals are able to distinguish six different colours 
in the spectrum, red, orange, yellow, green, blue and 
violet, and they are said to have six psycho-physical 
units. The colour sense has gradually evolved by the 
increase of the number of psycho-physical units. 

At first no colour is seen—the spectrum appears as 
different shades of grey. The first differentiation of 
colour will be that of the two physical stimuli which 
are most unlike. The spectrum then will appear ali grey 
but with a tinge of red at one end and a tinge of violet 
at the other end. As the colour sense improves, the 
red and violet will gradually invade the grey band of 
the spectrum, until they may meet in the centre. “It is 
obvious that all the colours of the normal-sighted which 
are included in the coloured portion of the spectrum will 
be seen alike and may be represented by that colour of 
the normal-sighted which corresponds to the centre of 
this coloured portion. What are the two colours seen 
when the whole of the grey has disappeared? The 
colour will be represented by that colour which in the 
normal-sighted corresponds to the centre of each of the 
two colours. According to the theory, these centre 
points ought to correspond to the centres of the two 
halves of the physical series. The two colours should be 
complementary to each other. It is evident that 
these complementaries must be those which are closest 
to each other as far as the spectrum is concerned. 
The complementaries which are adjacent to each 
other are yellow and blue.”? Such cases are called 
“ dichromics,” . 

+ Colour-Biindness and Colour-Percepiion, pp. 34-5. 
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In the next stage of evolution, a third colour appears 
between the other two, namely, green. Such cases are 
*trichromics,’’ and can see accordingly red, green and 
violet. They do not see yellow and blue and are 
continually in difficulty with them. ‘Yellow is the next 
colour to appear between the red and the green and those 
who can see four colours in the spectrum (red, yellow, 
green, violet) are termed “‘tetrachromics.” In the 
next stage of evolution the colours seen are red, yellow, 
. green, blue, violet--these are the “ pentachromics.” 
Orange is the sixth colour to be recognized and thus we 
get the “hexachromics”’ or normal group to which 
the majority of individuals belong. The highest develop- 
ment yet reached is that of the “ heptachromic ”’ who can 
distinguish seven colours in the spectrum—the additional 
colour being indigo. “ This order is not in agreement 
with careful observations on thresholds of colour-visibility 
by Abney and Festing and by Abney and Watson.’ 

Colour-blindness is atavistic and all stages are 
represented among colour-blinds. The “ dichromics ” 
correspond to the class usually termed “ dichromates.” 
The Anomalous Trichromates include the three, four and 
five unit class of Edridge-Green. 

Colour-blindness can be divided into two classes. In 
the first class there is a defect of light perception as well 
as a colour loss; in the second class there is a defect in 
the perception of colour only, Edridge-Green explains 
both by an analogy to sound. The first class represents 
those who are unable to hear very high or very low notes ; 
the second class represents those who have what may 
be called a defective musical ear. Both defects may 
appear in the same individual, The defect in light 
perception results in a shortened spectrum either at the 


1 Sherrington, Phystological Abstracts, Vol. 5, p. 161. 


58 COLOUR THEORIES AND COLOUR-BLINDNESS 


red or the violet end—the defect in colour perception 
causes a less number of colours to be seen than in normal 
vision. 

In this theory colour-blindness is not due to a loss of 
colour but is caused by the inability of the individuals to 
detect differences between colours. 


CHAPTER III 
DESCRIPTION OF TESTS AND DISCUSSION OF RESULTS 


I. Sithing’s Pseudo-Isochromatic Tables 


The twelfth edition of the Tables was used. This 
was generally the first test employed, as it was the first 
test by means of which the colour-blinds were detected. 
In conducting experiments with colour with a large body 
of students it was found that certain students experienced 
considerable difficulty in carrying out the required 
experiments owing to a decided inability to detect certain 
colours, These students were examined in the course of 
the ordinary laboratory period by means of Stilling’s 
Tables, and some of them failed completely to pass the 
tests, This led to a more thorough investigation of 
such cases. 

The Tables consist of coloured numbers on a coloured 
background and there are fourteen in all. Table 1, for 
example, consists of red numbers on a green ground 
which are easily distinguishable to the normal eye, but 
which present great difficulty to certain colour-blinds 
because there is no contrast effect between the numbers 
and the background. The Tables are based on the 
fact that if two colours of equal brightness lie on the same 
side of the neutral band of the spectrum of the dichromate, 
they cannot be distinguished. 

The Tables test both red-green blindness and biue- 
yellow blindness, and further differentiate between 
shortened and unshortened spectrum. MRed-green blinds 

P) 


bo TESTS AND RESULTS 


with normal length of spectrum are unable to read 
Tables r and 2, but can read Tables 3 and 12; red-green 
blinds with shortened spectrum read Tables I and 2, 
then Ir and 12, but no others. They have special 
difficulty with Table 3. Tables 5, 6, 11 and 12 test 
blue-yellow blindness in the same way. Tables 13 and 
14 are to detect simulation and every colour-blind is 
abie to see the figures thereon. The subjects were 
tested with all fourteen Tables. 

- The following are the results obtained : 


+ indicates complete pass of the Table. 


— , " failure 4 

+ « partial success. 
: I 2 3 4 § 6 F & g IO It 12 13 Ig 
A ++--—-—-——- 4 —-4- 4+ 4+ + + 
Bo-—+-—-—-}-+—-4 + + + 
C A $$ + ¢+ € — ¢— + — ££ + + + 
D #4 + #442 #—-24-— 4 + 4 
Eo —-~—- +> >> 8 ere Fe te ee Ft 
Fo-—-—--—-—-——-—-—- — 2 + + 
GC =—-=- += — 4 t+ — ¢ + + + 
Ho ++—-—-—— } b—- 2 + + + 
i + + — — 3 —-— — + + + + 
Jo o------— $--——t ££ ++ 


The Stilling Tables divide the subjects into two 
fairly well-marked groups, Five subjects are totally 
unable to read Tables 1 and 2; two attempt to decipher 
the figures with varied success, making many mistakes 
but managing a figure here and there. The other three 
subjects read the Tables with ease. With Table 3 the 
position Is reversed. Those unable to read the first two 
Tables are delighted to be able to read the third Table 
without any difficulty, whereas those who can read easily 
the first two Tables find the deciphering of the numbers 
in the third Table to be impossible. On a first finding, 
then, all subjects are red-green colour-blind, Five of 
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them have a spectrum shortened at the red end and 
five of them have a normal length of spectrum. The 
two subjects who partially pass the Tables show conflicting 
results in some of the later tests. 

One of the subjects discovered that he could read 
Tables 1 and 2 which before were undecipherable to him, 
with the aid of a red glass, The red appeared whitish 
and the green very dark—the contrast between the 
figures and the background standing out clearly. The 
subject remarked that he was now convinced that the 
figures did actually exist, of which he had been sceptical 
before. Others of the Tables he could read by means 
of a green glass. In all cases it was merely necessary to 
obtain a good contrast effect—the red and green glasses 
absorbed part of the rays of light and neutralized the 
colours. Red and green glasses have been tried frequently 
to see if they would cause any palliation of the defect, 
but they do not seem to have met with much success, 


z. Holmgren’s Wool Test 


The wool test is based on comparison of different colours. 
It was originally suggested by Seebeck and later used by 
Wilson—of course, in a more or less primitive form. Both 
investigators recognized that merely testing a colour- 
blind by naming colours alone was a very inefficient 
method. Seebeck used about 200 pieces of coloured 
paper and asked his colour-blinds to sort them. Wilson 
used skeins of wools in a similar fashion. Holmgren, 
however, was the first to systematize the test and put it 
on a scientific basis, He was a staunch adherent of the 
Young-Helmholtz theory, and, in fact, devised his test in 
support of the theory. root y 
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The wool test has been generally recommended because 
it has many advantages, such as portability, absence of 
need for names of colours, and because the wools reflect 
the light equally in every direction. 

The “ confusion ’’ skeins, which number over I00, are 
spread out in irregular order before the subject. They 
include all varieties of colours and many shades and 
tints. The examinee is asked to pick out all the skeins 
the same colour as a given test skem, irrespective of 
shade. He is told that no two specimens are alike, 
and that resemblance of colour only is all that is 
desired. 

Holmgren advocates the use of three such test skeins, 
and those he chose are in agreement with the theory he 
favoured : a very pale green, a light purple or pink and 
a full red. The first skein determines the presence of 
the defect, the second decides if the defect be one of red- 
blindness or green-blindness, judged by the confusion 
skeins chosen, the third skein acts as a confirmatory 
skein, 

The tests employed as test skeins in these experiments 
were not those advocated by Holmgren, but were more 
or less experimental in character. In all, nine skeins 
were employed as tests. a 


Vivid green. 

Vivid red. 

Brown, 

Magenta. : 
Green—of medium saturation. .-- 
Pink—of medium saturation, 
Very pale green, 

Very pale pink, 

Pale blue, 


Oo cesT Kin & & NH 
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The vivid red, medium pink and pale pink formed a 
series in intensity which was found to give rather inter- 
esting results ; the vivid green, medium green and light 
green formed a corresponding series in green. These 
different degrees of intensity of colour were added as the 
experiment was proceeded with, The magenta was 
suggested from a reading of Sanford,? and the brown 
suggested from a reading of Abney." The pale blue was 
added because of a tendency noted to confuse blue and 
pink, and to ascertam whether the confusion was habitual 
or merely accidental, and whether it was characteristic 
of all subjects. 

It will be found that the results obtained from testing 
with the wools seem to point to varying degrees of colour 
defect. | 

It is interesting further to note the method employed 
by the colour-blinds. Their general attitude to the test 
is important, and the fact as to whether they select their 
colours with ease or with a great deal of hesitancy, The 
colour-blinds are very particular with their matches and 
select the skeins with extreme care. The skeins which 
they reject are as illuminative of their defect as those 
they accept and the numbers of both were noted. 

We are accustomed to speak of red-green colour- 
blindness and to mean that the individual cannot dis- 
tinguish reds or, it may be, greens or both. If he can see 
red or green then he is no longer colour-blind, but is 
referred to as colour-weak or as belonging to the class of 
“anomalous trichromates.”’ We have seen that Professor 
Hayes challenges that finding, and states that individuals 
in whose colour system red and green are totally invisible, 
and blue and yellow the only two colours recognizable, 


2 Experimenial Psychology. 
4 Researches in Colowr- Vision. 
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belong to the extreme or limiting class, and that in the 
typical cases of colour-blindness some kind of red or 
green is seen by the individual], but not to an extent which 
would justify his inclusion in the class of anomalous 
trichromates, : 

| The ten cases examined cannot be classified as cases of 
colour-weakness showing slight deviation from normality. 
They all seem to be cases of colour-blindness, but they 
range from extreme cases in which neither red nor green 
can be distinguished to cases in which red and green 
can be distinguished with varying degrees of accuracy, 
if of sufficient intensity. This result is well indicated 
with Holmgren’s wools, and later in the other tests. 
Fewer mistakes occur with the vivid red and the vivid 
green than with the pale pink and the pale green—but 
the number of mistakes varies, of course, according to the 
extent of the defect. 


Resulis of Wool Test 


The results of each skein are separated in order 
to show the gradual increase in the number of the 
confusion colours as the defect imcreases in degree. 
The subjects are named from A to J, approximately in 
the order of their deficiency-—-no rigid series of gradation 
is intended. 


1. Vivid Green . . ; 

A selects greens and brownish greens rejects olive and green 

B tt * i olive and brown 

Cc. s,s, ” ” » orange, pale blue 

and brown 

D adds yellowish greens — 

E selects greens of all shades and one » salmon, pink and 
brown olive 


F selects greens of all shades and yellow, — 
orange, drab bo ne 
G » greens and pale brown ae ae 
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H selects greens a rejects fawn 
T adds, in addition to ereens and browns, 
fawns, creams, and yellow, 
orange and salmon pale green 
J select sgreens, blue-greens, salmon, 
orange, fawns, reds and 
crimsons, pinks, magenta and 
drabs 2 dark greens, 
drabs 


Subjects A to D match the test skein correctly, which 
seems to indicate an ability to select the proper colours. 
Heoalso gave correct matches—but he called the test 
skein “orange ” and selected his matches more for their 
brightness than hue. F, G, I and J show confusion— 
particularly subject J, who may be regarded as a limiting 
case of dichromasy. This subject found it difficult to 
imagine what skeins would be like several tones lighter. 
It is characteristic of him that he matches each skein 
with practically all the confusion skeins—in this case 
he had 46 matches. 





2. Vivid Ted 
A selects reds and crimsons 
B », reds rejects a brownish red 
GC » reds, crimsons, pink, cinnamons » crimson, brown, 
pink (too green) 
D 3s ditto and dark mauve 
E » ditto and light bluish red » bluish pink (because 
violet) 
F y very vivid red, 1 very dark green — 
G » weds, crimsons, pinks, blues, » pale green myrtle, 
purples, drabs and grey terracotta 
Hi u very dark red, greens, pale 
brown 
J » red, different shades of green, very dark green and 
brown, blue very dark crimson 


J » crimsons, reds, salmon, brown, 
yellows, straws, all shades of 
green, including blue-greens, 
t pale blue, very dark violet, 
dark slate, drabs . 
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A and B select correct matches, which seems to indicate 
an ability to distinguish red. The others show the con- 
fusion gradually increasing until subject J is reached, and 
it will be noticed he includes a large assortment of all kinds 
numbering 52 in all. It seems clear even from these two 
examples that the defect differs in degree with subjects 
A and J. 


3. Medium Green 


A selects greens and brownish yellow rejectslight orange, canary 
(N.8.—confusion beginning) 

B=; greens, yellows, orange, brownish » Salmon, brown, 
yellows and fawns greenish yellow 
C greens, yellows, oTange, brownish » terracotta and a4 
yellows and fawns green 

D , greens, yellowish greens, and 
brownish preens 

E yellowish and clive preens, fawn, 
creams, <sifaws, cinnamon, 
terracctta, salmon 


FF, anemerald and a yellowish preen, pale green (because 
ofange, canary, yellow too red), and olive 
green 


G , greens (all shades}, yellow, 
orange, browns and greys, a 
dark blue and a dark violet 


H , sameasBandC 

I »» greens, cream, yellow, brown 

J, all shades of green, including rt blue pink, 7 pink, 
. blue-greens and brownish I dark mauve 


greens, browns, reds, very dark 
slate (almost black), one light 
orange 


There is a suggestion of the confusion beginning with 
subject A. She rejects a light orange and a canary. 
In other words she considered these likely to be matches 
to a green, 6 likewise rejects a salmon pink, but he 
selects as correct yellow and orange skeins, The others 
show the same confusion as before in increasing 
measure. 
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4. Medium Pink \ od Sa. 
A selects pinks, bluish pinks a and bluish reds rejects bluish pink 





8B , pinks, bluish pinks and bluish reds 
C adds to above pale greens - » blue, pink and a 
cream 
ID selects pinks, bluish pinks and bluish reds » yellowish fawn 
E , bluish pinks, yellows, straws, — — 
creams 
F , pinks, bluish pinks, viclet, pale — 
blues, 1 greenish blue, ¢ greenish 
grey 
G  ,, pinks, greens, reds and violets » & yellowish fawn 
H  , no pinks, but pale greens, bluish » 4 bluish pink and 
greens, yellowish greens and a an emerald green 
dark violet 
I » bluish pinks, blues and greys —. 


J] oo fdinks, 1 bluish pink, terraccttas, —— 
reds and crimsons, greens {all 
shades), greenish greys, greys, 
drabs, straws, browns, blues 
(t very dark slate blue, 2 royal 
blues, r pale blue}, + dull 
heliotrape 


No confusion seems to be existent tn cases A, B, D, but 
is much in evidence in the other cases. The confusion 
between pink and green begins with subject C onwards, 
With the vivid red it did not appear until subject F was 
reached. Subject J had sixty-seven matches. 


5. Pale Green 


A selects yellows, creams and salmon pink — 
(NV.8.—First confusion of pink and green) 
» ditto and pink and orange rejects greenish yellow 
» ‘cream, canary and yellow »  silmon 
cream, canary and yellow 
» different shades of green, yellows, — 
creams, straws, pinks, salmons, 
pale blues 
Pry same ag € 
greens, browns, pinks, greys, 
drab, blues and violets 
» Same as C 
» yellows, pinks, greens, creams 
and orange oo 
emerald preén, cream, canary, eal 
yellow, orange, fawn 





meet) bf ROO 


| 


tony 
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6. Pale Pink 


A selects bluish pink, yellow-greens, pale rejects bluish pink 
blues and violets 





B , yellows, pinks, creams, yellow- » red 
greens and preens 

Cc .,, . pinks, bluish pink and green 

D , no match » pale pink and drab 

E,, pinks, bluish pinks, preys, straws, —. : 
yellow-pgreens, Pale blue 

F ,, bluish pinks, blues, pale green » pink, green, blue 
and greys 

G ,, uno match (skein=dirty white) » bluish pink and 

emerald green 

H_,,_ bluish pinks, pale greens, bhres » Pale pink (because 
and greenish blues ' too blue} 

I » bluish pinks, vivid blues, reds — 
and greys 

J » pinks, 1 Blue pink, terracctta, —— 


reds and erimsons, greens {all 


shades}, greenish preys, greys, 
drabs, straws, browns, blue and 
dull helictrope 


With E, F, G, H, I, J, the confusion between red and 
green is present from the beginning; with A, red is not 
confused with green until the very palest skein is to be 
matched, then the pale green is confused with pmk, and 
there is the usual confusion with yellow. With subject B the 
confusion is noticeable in the medium green, though not 
to any great extent, and the confusion increases throughout 
with more or less regularity. This seems to indicate 
different degrees of colour defect, which seems to be 
verified in the later experiments. 

7, The Magesia skein gave some rather curious results: 
A selects reds, bluish pinks, rose pinks, rejects pink 


pale pinks 
B , Blues and violets of all shades, « vivid blue, violet 
- r bluish red (but not confident and pink | 
about it). 
Cc ,, reds and bluish pinks \,y lavender, grey, 
violet 


D , crimsons and reds, bloish pinks, oo — 
dark mauve Loh 
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EE selects bluish pinks, rose pinks, violets, — 
blues en 
Fo, =: t bluish red, 1 bluish pink, pinks, — 
very dark purples, violets and 
blues 
»  Fimsons, reds, pinks, bluish reds rejects green, pink, pale 
and mauve blue 
H ,, dark mauve, dark violet, dark —- 
blue and violet 
I » bluish pink, salmon pink, dark —. 
Purple, violets, blues, browns, | 
greys, preens, yellow-greens 
J, Magenta reds and medium pinks, —. 
bluish pinks, violets, blues, 
blue greens 


B and H matched the test skein with blues and violets 
of all shades, and B added one bluish red, evidently 
chosen for its bluish element only, although he evinced 
considerable hesitation before finally accepting it. When 
asked the colour of the skem, both confidently declared 
it to be blue. The majority of the others also matched 
it with blue and violet, but added some reds as well. [ 
and J also thought the skein was biue, but their matches 
showed considerable confusion. J rejected six skeins, 
then accepted them, to reject them later. Ali were of 
bluish or purple shades. 


8, The Brown skein seemed to cause considerable difficulty, 

A Calling the skein dark green, matched it carefully with one skein of 
a very dark olive-green and rejected a green and a brown. 

3B Matched it with dark greens and brownish greens but rejected all 
pure browns, 

€ Matched it carefully with two skeins, a very dark crimson and an 
emerald green. 

D .Matched it with brown, though hmited to three in number. 

E Matched it with brown and greens. 

F Experienced great difficulty in getting any match and finally 

accepted one reddish brown 

G atd I both thought they had been given skein No, 2 again in 

mistake (the vivid red}, and expostuiated that they had matched 

the brown skein before] ‘They, therefore, gave similar matches 

as with the former skein, brown, brownish greens, reds and 

crimsons. 
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H Matched it with greens of all kinds and afew browns. = - =. 

] As before showed the greatest confusion of all, Crimson, reds, 
salmon, cinnamon, pure brown, canary, yellow, straws, yellow- 
greens, greens all shades, blue-green, one pale blue, drabs, very 
dark violet, dark slate. He rejected 2 dark greens, 2 dark biue- 
greens, 2 drabs. so ' 


It will be noticed that all show confusion, though the 
confusion seems to increase with the various subjects. 
Subject J included in his match a pale blue. He thought 
the skein was a grey and the pale blue a lighter shade of 
grey. This would seem to indicate a blindness to blue as 
well, but the subject in some of the tests was found to 
recognize blue quite easily ; he seems, however, from the 
evidence to have a weakened sensitivity to blue as well as 
complete blindness to green and red, 


g. The Bite skein gave varied results. 
A matched it with pale blues and greens— rejects very pale green, 


no pinks, and thought the skein pinks, bluish 
itself was a pale green pinks 

H selects blues, violets, greens and a » bluish pink 
bluish pink . 

C  ,, blues, violets, preens and a 1» Pale green, rose 
bluish pink | 

DD, blues, pale greens, yellowish » pale blue 
greens 

E,, blues, violets, blue-greens, pale —— 
greens and greys 

FF, blues, bluish pink, pinks and a »  Dbiue (because pink) 
natural grey 

G  , blues, pinks, bluish pinks and » pale green 
crimsons 

H_,, blues | ee 

I ,, blues, purples, pinks, greens, 
greys — 


J »» 4 blues, 2 very dark slate blues, —_—— 

violets, 26 greens (all shades 

including dlue-, brown-, yeliow- 
greens), Pinks, terracotta, reds 

- and crimson, 1 bluish pink, 
_2 bhush red, & very dark 
red (almost a brown) greys, 
drabs, straws, canary, brown 
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The confusion between blue and violet is well marked, 
which is characteristic of all colour-blinds. There is a 
confusion also of blue and green. B, C, and D thought 
the skein was green, The confusion between blue and 
pink is clearly shown with certain subjects, but is seen 
not to be characteristic of all subjects. A curious con- 
fusion of the skein with grey is common to subjects E, [, 
j. E called the skein a light blue grey. I said it was 
either blue or white. J called it a light grey and thought 
it was the same skein as the pale pink and the medium 
pink, which he also thought were grey. 

The wool test, therefore, gave a considerable insight 
into the nature of the respective defects of the examinees. 
All matched the colours very slowly and very deliberately, 
and often picked up skeins, laid them tentatively beside 
the others, accepted them, then later rejected them, 
perhaps to accept them later still. With some the 
difficulty lay in deciding what the test skein was, and it 
was turned over and over and viewed at various angles 
before its colour was finally decided. 

If we can assume that the vivid red skein is that similar 
to the full red of Holmgren, then it does not seem at all 
a satisfactory colour for a test skein. All subjects did 
not blunder in matching it, and if used alone it would very 
often fail to detect colour-blindness. Abney seems to 
have recognized this fact, for he states that the red skem 
is the weakest of the three test skeins, and admits that 
as a test of colour-blindness it is not too satisfactory. It 
is for this reason that he recommends that a dark brown 
skein be substituted, A dark brown skein does appear 
to give a better result and all the subjects found it a difh- 
cult colour to match, for brown is one of their most 
puzzling colours. It does not follow, however, from the 
results obtained, that the subjects can be divided into 
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two groups according to the confusion colours chosen. 
Abney states that the red-blind wiil match not only dark 
preen, but also light green with it; the green-blind will 
pick out the browns and the reds, On such a basis 
subject C would be difficult to place, as he matched it 
with a very dark crimson and an emerald green! G, I, J 

The same criticism applies to the other two test skeins 
as recommended by Holmgren. 

The pale-green test is most satisfactory, for 1t seems to 
show up the defect immediately. For this reason, too, 
the pale-pink is most useful. The weaker cases of colour- 
blindness, as we have seen, are able to pass the test when 
the colours are more highly saturated. It is the pale 
colours they have greater difficulty with. Edridge-Green 
objects to such a green being used as a test skein, and 
declares it to be the worst possible colour to choose, for 
the colour-blinds can easily pass through such a test 
without detection. The results of these experiments do 
not seem to justify such a conclusion, for all subjects 
substantially failed in their matches with the pale-green. 
The medium pinks and greens and the full reds and greens 
are useful in giving an approximate insight into the extent 
of the defect, but as tests alone are unreliable. 

The magenta skein is also a useful one. ATI but one 
subject thought it was blue, or violet, as some called it, 
and it was astounding to have all shades of blues and 
violets picked out as good matches, This, too, by subject 
B, who acquitted himself so well in matching the vivid 
red skein. It would seem that the blue had been much 
more powerful than the red to him, and that the red 
sensation in consequence had suffered. Subject A, on the 
other hand, gave a good match, although she thought the 
skein was a purple one. The results, therefore, in her case 
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might be misleading. She has a general confusion of 
blue and pink, and it would seem that the result she did 
obtain was due largely to chance. This does not alter 
the fact, however, that red is visible to her under certain 
circumstances ; where she confuses blue and pink, or, in 
this case, magenta and purple, the blue element must be 
the stronger one, so strong,in fact, that it seems almost 
to blot out the red sensation, 

With the blue skein A made no confusion with blues and 
pinks in the actual choice she made, but it is noteworthy 
that she examined one or two pinks and then rejected 
them; the confusion was certamly present. 

Confusion of blue with pink is said to be characteristic 
of a shortened spectrum. If the pik is made up of a 
mixture of red and violet, the red element is invisible, and 
the violet remains, which is seen as blue. Subject G, 
however, who has no shortening of the spectrum—if 
Stilling’s Tables are trustworthy—also shows a similar 
confusion, 

In conducting this wool test, Holmgren advises that 
the examiner, in cases where a verbal explanation fails, 
should resort to actually showing the individual how the 
selection should be done, and he argues that “no one 
with a defective chromatic sense finds the correct skeins 
in the pile the more easily from the fact of having a moment 
before seen others looking for and arranging them.”* 
From practical experience in testing colour-blinds, this 
method must be strongly deprecated. A shrewd colour- 
blind, once he obtains a clue to the colours required, will 
make a wonderful show of accuracy. Further, Holm- 
gren’s second instruction, that in testing large numbers 
the candidate should be instructed “ to attentively observe 


1 Jefiries: Coloury-Blindness: Jfs Dangers and iis Detection, p. 231. 
Translation from Holmgren. 
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the examination of those preceding them,” seems to be 
defeating the purpose of the test. : 

The great advantage of Holmgren’s test is that | it is 
based on comparing colours, not on naming colours. 
Certainly, when Holmgren devised his test, it was a 
step in the right direction, for the testing of colour-blinds 
by naming alone is most unsatisfactory. But in con- 
ducting the wool test just described, the subject was always 
asked what colour he thought the test skein was, and his 
answers were most illuminating, and increased the value 
of the test tenfold. The author has since discovered 
that Edridge-Green in his classification test, which is a 
modified wool test employing different test skeins, advo- 
cates the same procedure. In fact, the candidate is asked 
to name each colour as he selects it. It was found most 
instructive, too, to ask the names of the rejected colours, 
and why they were rejected, and the reasons throw con- 
siderable light upon the colour defect. The combined 
method, therefore, of comparingand naming seems to yield 
the best results. 

In conclusion, the most outstanding result of this series 
of tests is the confirmation of Professor Hayes’ results, 
that there are varying degrees of red-green colour-blind- 
hess. The graded series of reds and greens brought this 
result clearly out, and it will be found that later experi- 
ments point strongly in the same direction. 


3. Colour Naming 


Tests involving colour naming have come in for a Jarge 
share of hostile criticism, and were considered as unsatis- 
factory by the Committee appointed to report on Colour- 
Vision, in 1892, ‘ Tests which involve the naming of 
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colours should be avoided in deciding the question of 
colour-blindness.”! The colour-blinds judge of colours 
by differences in shade, and a difference in shade to them 
often means a difference in colour. They hear a colour 
called red which to them may appear as a very dark yellow 
and they associate the name and the shade together. In 
some cases their skill in using correct colour names is 
remarkable, and renders the detection of their defect 
more difficult, 

Dr Pole himself remained ignorant of his defect for 
thirty years. Dalton, too, in speaking of some of his 
pupils, remarked, *‘ They, like all the rest of us colour- 
blinds, were not aware of their actually seeing colours 
different from other people, but imagined there was great 
perplexity in the names ascribed to particular colours.” 

It was for this reason that Holmgren devised his test, 
which obviates the need for colour names. “‘ To judge 
correctly of colour-blindness, and the various practical 
questions connected with it, it is of the highest importance 
to distinctly observe the difference between the manner 
in which the colour-blind sees, and the manner in which 
he xames, colours. The sensation is based upon the nature 
of the sense of colours in the organization of the optic 
nerve from birth. The wame, on the contrary, is learned. 
It is conventional; it depends upon exercise and habit. 
The names of colours are naturally the objective expression 
of subjective sensations ; but, on the other hand, they are 
regulated by the system of normal sight, and cannot 
consequently agree with that of the colour-blind.’”* 

The objection which Holmgren had against testing by 
naming colours seems to have arisen from the fact that 
such a test used to be applied to detect colour-blinds in 

1 Proceedings of the Royal Soctety of London, Vol, 51. 


1 Quoted from Jeffries, Colour-Biindwess: Its Dangers and tts 
Deteciion, P. 94. 
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a most haphazard manner, and no other test was added. : 
Colour naming is a useful test, but it must be of a supple- 
mentary nature. Alone, it is most unreliable, particularly 
if names of familiar objects are asked for. 

Dr Jeffries, to test this point, conducted an interesting 
questionnaire with blind children—children blind from 
birth to form as well as to colour, He asked them the 
colours of familiar objects such as the sky, an apple, 
banana, strawberry, grass, leaves, water, etc., and received 
curious answers. For example, to banana, he received 
the following replies: “ Don’t know,” “ No idea,” 
* Yellow,” “ Don’t know,” “ Don’t know,” “ Green— 
uncertain,”” These were children ranging in age from ten 
to nineteen. Unfortunately, the experiment could not be 
continued, for colours became the topic of conversation 
throughout the institution after that. The colours of 
grass and cherry, however, were fairly well known. 
“ Through the ear alone these answers were learned, and 
retained by memory. The attachment of the name of a 
colour to an object is an attribute not learned by the eye 
alone. A wholly uneducated person who handles bricks 
if he hears them called black will so call them when 
questioned as to their colour.’ This is a similar condition 
to that found in the colour-blind. He learns by the ear 
the names and colours of familiar objects. He associates 
the colour name in some cases with the eye sensation which 
he experiences on seeing the object which may be some 
finely discriminated shade. In consequence, he is often 
able to give correctly a colour name, although he does 
not actually see that particular colour. 

Edridge-Green, however, adopts an entirely different 
attitude, and is a strong advocate in favour of testing 
nomenclature, particularly for practical purposes. He - 
introduces colour naming into his classification test and - 

1 Jeffries, Colouy-Blindness : Its Dangers and its Detection, p. 100, 
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into his lantern test. The latter test, in its relation to 
colour naming, we shall consider later, As long as the 
objects to be named are carefully chosen, colour naming 
gives considerable insight into the colour-blind’s defect. 
it will be found that in many cases the colour-blind does 
not guess the names of colours ; he has a regular system of 
his own to which he firmly adheres. 

To test the validity of colour naming two methods were 
tried : 

t The naming of the dots in Stilling’s Tables. 

2 The naming of Holmgren’s wools. 

Some of the subjects were tested after the lapse of a 
year, and their colour nomenclature was found to remain 
constant. This confirms the view that guessing is not the 
rule, but that the colour-blinds are guided by definite 
colour sensations which give them a regular colour 
system. 


(a) Sésiting’s Tables 


Tabie t 
Red (light and medium) figures on Green (light and medium) 

background 

A red green 

B red green 

C dark green and brown yellow and brown 

D red dark green 

E violet STey 

F red ? yellow and green 

G ted green 

H brown yellow and orange 

I green and red green or yellow and green 

] All shades of grey 


The colour names employed are characteristic of the 
defect, and it must be admitted they reveal how great 
that defect is. Subject B, though recognizing the colours, 
could not decipher the figures. Subject C could partially 
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read the figures, although it will be noticed that his nomen- 
clature shows considerable confusion. This is character- 
istic of him throughout all the tests. Being questioned, 
he declared he had no interest in colours at all, and had 
not thought whether he confused them or not. Finally, 
he admitted that crimsons and the finer shades were 
difficult for him, but the question of colour in general 
seemed to have caused him no concern. J, as before, 
shows the defect to be much graver than the others, and 
sees all colours as shades of grey. 


Table 2 


Green (light and medium) figures on Red (light and dark) background 
(light dota resembling a fawn colour) 


A green red 

EB orange red and red red 

C yellow and dark green light green and dark red 
D dark green light and dark brown 

E bright green greyish green and grey 
F yellow and ? green and red 

G yellow and green red and grecn 

H yellow and orange dark brown and black 

I green red and black 

J 


different shades of grey 


How does this compare with the first Table? A’s 
results are similar to those in the first Table—she recognizes 
red and green. B, however, shows confusion this time. 
Yellow is evidently confused with pale-green in the cases 
of subjects C, F and H—a common confusion. J remains 
constant, and sees all as shades of grey. One other 
point of interest worth noting is in the case of subject H— 
the medium green which resembles somewhat a grass 
green, he calls orange. This is characteristic of him, and 
tested a year jater the same naming held good. This is 
verified in the other tests. Note also that he calls the 
red black--this at once indicates a shortened spectrum, 
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Bright Red figures on Mole and Black background =, 
A red green 
Bred ' | green and black 
Cc red ; green 
ID dark red brown 
E red green 
F light red darker shades of red 
© red green and dark preen 
H brown ot grey and black 
I grey shades of grey 
J black shades of grey 


The red used in this Table is a very bright red, and was 
recognized as such by subjects A to G. This particular 
shade of red, which seems similar to that used in the 
Nagel cards, gave similar results there. It will be noticed 
that the background contains a difficult colour for them, 
one of these indefinite colours which is always a puzzle 
for them, and which rarely fails to detect them. The 
majority have called it green. J, as before, sees all the 
colours as grey—red is seen as black, which denotes a 
shortened spectrum. Subject H sees this shade of red 
as brown-—that is, a dark shade of red is black, a medium 
shade is brown for this subject. 


Table 4 
Red figures on Fawn and Mole background 
A red green and black 
BE red green 
Cred dark green 
Dred ' dark brown 
Ered dark green and grey 
Fred green 
G red green 
H_ grey and black | grey and brown 
I grey brown and black 
J black shades of grey 


Red again is recognized by subjects A toG. Itisofthe 
same particular brightness asin Table 3. H and J confirm 
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the shortened spectrum. The background contains con- 
fusion colours which are not recognized. 


Tabie 5 
Fawn and Red figures on Grey and Mole background 
A green and red green 
B shades of green green 
C green green 
D shades of brown dark brown 
E grey and red grey 
F silight red ; red 
G green green 
H grey and brown grey 
I grey brown and green 
] different shades of grey 


The red in this Table is a dull red-—-what might be called 
a “blae" colour—. and few subjects could identify it. This 
is a striking difference from the last Table. It seems to 
point to the fact that the colour must be somewhat 
resembling what may be designated as a “ pure red” 
in order that it may be identified. It must be reds 
like these which are confused with greens, The back- 
ground, as before, shows grey mistaken for preen. 


Note subject J again—he truly seems a limiting case of 
dichromasy, 


Tabie 6 
Fawn and Hed figures on Grey and Mole background (dots, 
however, larger in size) 
red 


re on Bn ned 


green 

crimson . green 

green or brown green 

shades of brown dark grey 

all different shades of grey 

light red dark red 

red and green green 

grey and brown grey and light brown 
dark grey green : 
different shades of grey 
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A and B this time recognize the red, but otherwise the 
haming remains very similar to the preceding Table, 
except with E, who sees the colours as shades of grey. 


Table 7 
Crimson figures on Browns and Browntsa-green background 
A red green 
B crimson green 
CG brown brown 
Dred grey 
E dark brown brown and dark green 
Fred r 
G red brown 
H brown and black two shades of brown 
I dark brown and black dark grey 
J 


different shades of grey 


This confirms the previous Tables, that red under certain 
circumstances can be recognized. The background shows 
confusion of green and brown. Subject I now shows signs 
of a shortened spectrum, because of confusion of red and 
black, That is from colour naming alone, H, I and J 
have been found to have shortened spectrum, which 
verifies the results obtained from the reading of the 
Tables. 


Table § 
Bright Red and Crimson figures on Brown and Greentsh-brown 
background 
A red green 
B crimson red and green 
C brown light brown 
D dark red brown 
E red dark green 
F red _ brown 
G red green 
H brown brown and grey 
I dark grey or black shades of brown 
J] different shades of grey 
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The red here is fairly well recognized because it is of 
this bright variety. Subject C, however, calls it brown. 
His nomenclature is not good throughout, and shows con- 
siderable confusion. This is curious when we remember 
that he can partially pass the Stilling Tables so far as 
deciphering the numbers is concerned. 


Table 9 
Pink figures on Brown and Dark Brown background 
A red | green and red 
B greenish red brown and black 
C green brown 
D dark brown grey 
E medium grey brown 
F light red ? 
G green green 
H black grey and black 
I green and brown brown or red 
J figures decidedly lighter ; all, however, shades of prey 


This Table gives interesting results—all show confusion. 
Note the description given by B of the figures, greenish 
red, This term is characteristic of the mild forms of 
colour-blindness and of cases, too, where red seems some- 
times to be recognized. No two call both colours the 
same. J still maintains his different shades of prey. 
Evidently he has not learned to associate a shade with 
the name of a colour. Subject E has more than once 
called a colour a grey, and it was he who called the blue 
skein in the Holmgren’s wools a grey. Does this suggest 
a lowered sensitivity to colours in general? Subject F 
is very often completely at a loss as to the name of a 
colour, and finds it impossible to make even a guess at it. 
It will also be noticed that green is more often mentioned 
than red, which shows, we may tentatively suggest, that, 
when in doubt, green is the accepted solution. 
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Table 10, Poy 
Fed figures on Fawn and Brown background ; 

A red oe, green and red 

B red green and reddish brown 

Cc red ' green and brown 

D all dark red | shades of grey 

Ered . light green 

Fred may be brown 

G red and green | | nondescript and green 

H brown grey and brown 

I brown green 

J] different shades of grey 


Brown and red are often mistaken for one another: 
further, as we have already noticed, green and fawn are 
liable to be confused. The red is more correctly and 
more frequently distinguished than the green and does not 
seem liable to the same amount of confusion, Often the 
background which contains two shades of the same colour 
is described as red and green—a difference in shade means 
a difference in colour. 


Table 11 
Crimson figures on Orange and Brown background 
A red grecn and red 
B ocrimson orange and green 
Cc red yellow 
D red red and grey 
E red light brown, 
Fred yellowish tinge 
G red yellow and red 
H black orange and brown 
I dark grey | light brown or green and dark 
brown 
J figures are black against the background 


The red figures are well recognized again, except for 
the last three subjects, who are well-marked cases of 
shortened spectrum, and who in consequence see the red 
as black, The orange and brown both proved difficult 
colours, Note that subject A confuses brown and red, 
therefore red cannot always be a clear sensation for her. _ 
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Table 12 
Yeliow-green (light and dark) figures on Biue fight and dark} 
background . 
A yellow-green and green blue - 
B shades of green oo different shades of blu 
C green and brown green and blue 
D shades of green very light grey and dark blue 
E green and light brown slate colour 
F colours vary (no idea} red and dark blue 
G green . blue 
H shades of grey grey and blue 
] green and brown | pink and blue 
3} white medium grey and blue (hesitation) 


Two things are of interest here : 

{t) The light shade of blue is often seen as pale grey. 
This confirms the results obtained in matching the wools, 
and seems to be characteristic of some colour-blinds. J 
was doubtful about the blue, and finally described it as 
being the colour of ink. 

(2) The light shade of blue is confused with pink. This 
is a further sign of a shortened spectrum. F and I, who 
show this confusion, have a shortened spectrum, for they 
cannot decipher the figures in Table 3. 


Tabla 13 
Crimson figures on Fawn and Mole background 
A red two different greens 
B crimson . two different greens 
C brown OO, green 
D dark red two greys 
E dark red light grey 
F darker shade shades of brown 
G rel brown green 
H black . grey and brown 
I black or dark grey green and brown 
J black shades of grey 


The last three again show signs of shortened spectrum ; 
the others show a discrimination of red. Fawn and mole, 
as before, are confused with green. Note F's indefinite 
phraseology. 
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Fabie 14 
Crimsom (light and dark) figures on Brown and Mols background 
A red green 
B crimson red _ reddish green 
C brown light brown 
D light grey and dark grey very light grey and brown 
E dark brown green 
F may be dark red . darker shades 
G brownand ? ‘green 
H_ black oo all brown 
I dark grey or brown light brown 
J] black fairly dark grey 


This particular red is not so well recognized. The last 
three, as before, call it black. Subject B employs his 
former terminology and designates the background as 
reddish green. C and D, who partially pass the Stilling’s 
tests so far as reading the numbers is concerned, are bad 
at colour naming, This Table shows clearly the confusions 
they make. Further, the background, as before, shows 
how greatly green is confused with brown. The puzzling 
colours seem more liable to be called green than to be 
called red. 

From the results of colour naming, various facts may be 
deduced. 

{z) There are different grades of colour-blindness 
ranging from extreme cases in which no red and green can 
be perceived to cases in which red and green can be 
perceived under certain circumstances. Subject J is 
the extreme case, 

(2) Red, if of sufficient brightness, can be distinguished 
by some colour-blinds. (Vide subjects A and B.) 

(3) Redisseen as black by those with shortened spectrum. 

(4) Red is confused with blue in certain cases of short- 
ened spectrum. 

{5) Brown is a common confusion colour of green. 

(6) Greenish red is a colour name employed by colour- 
blinds. 
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(7) Pale blue in some cases of red-green blindness is 
seen as pale grey. 

(8) Partial passing of the Tables does not coincide with 
good nomenclature. 

(9) Finally, and this is perhaps the most “important 
result obtained, the colour-blinds do not guess names of 
colours, but have a regular colour system which determines 
the names they employ. 

It will be seen, therefore, that a large amount of informa- 
tion has been gathered from merely asking the examinees 
to name colours, and that an insight into their respective 
defects has been obtained. 


(Red appears 13 times in the Tables.) 
A recognized it 13 times 


B - ? oe 
c 4 ou 
DP ” a Cs, 
E ” Fw 
F - 0 
G FF 7 ‘i 
H r eo» 
i , Oo, 
J - o 


The above Table speaks for itself, and shows the great 
variety among the ten colour-blinds examined, The case 
of C is a curious one, and all through his results are con- 
flicting. The recognition of red only 4 times would seem 
to place him much nearer the extreme case, and some 
experiments would verify this, but others, again, would 
make his defect appear less grave. Note H, I and J 
failed completely to identity red. . 


_ {b) The Naming of Hoimgren's Woots 


Ali the skeins were named by each colour-blind. Below 
are a few samples of the names given. The full list is 
appended, 
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These few examples give characteristic results. Very 
pale greys, drabs and creams are usually thought to be 
pale pinks or pale greens, Subjects A, B, D, E only 
confused the pale shades, and subject A volunteered the 
information that she could distinguish bright shades 
without difficulty—it was just the pale shades of colours 
which she knew she confused. Subject C’s nomenclature 
is very bad—in fact, is misleading. In colour mixing he 
could distinguish differences between colours to a very 
fine degree, although he would call a pink green and a 
green red. He is very fond of using the terms greenish 
red or reddish green—a pink is, in lack of a colour term, 
described as composed of green and red; similarly 
lavender is composed of blue and green ; a bluish red, 2 
bluish pink and a pale green are all composed of red and 
green. This verifies the results obtained from the naming 
of Stilling’s Tables. 

Subject I’s nomenclature is, perhaps, worse, but it 
coincides with his colour matches. Pinks of all shades 
he calls blues, reds are called browns, and greens yellow. 
Orange cannot be distinguished from yellow nor purple or 
violet from blue—reds and greens change names promis- 
cuously. He was very proud of one colour—a very dark 
green which he claimed twice over with evident satisfac- 
tion to be crimson lake. 

A summary of his results runs as follows :—Dark 
crimson and red he calls brown ; pink is:blue, sometimes 
green, orange is yellow ; yellow is yellow or green ; but the 
yellow element can always be distinguished in compound 
colours such as a yellowish green ; yellow green is yellow ; 
dark olive green is brown, but twice called crimson lake ; 
emerald green is dark yellow ; pale green is grey or pink ; 
blue green is called brown, but if very pale is described as 
a dirty white: blue is sometimes called blue, sometimes 
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called purple; pale blue is pink; violet usually blue, 
sometimes pink; brown is called brown, green or red; 
all greys, drabs or straws are called greens or pinks, 

The other subjects show somewhat similar results with 
variations here and there. 

Subject J, however, sees the colours as a monotonous 
series of shades of grey. A glance down the column in 
which his results are recorded shows that yellow and blue 
are the sole colour names of his vocabulary. Four times 
he calls dark green brown, and once he ventures the name 
purple and once the name orange ; but, apart from these 
instances, yellow and blue are his only colours. 

The wools give a more varied result than the Stilling’s 
Tables, simply because there is a larger variety of hues. 

We see subject F’s indefinite phraseclogy continued, 
“some red in it,” “red and something else,” ‘‘ might be 
red,” and so on, which characterized his naming in the 
Tables. We find the same confusion of green, and yellow, 
and brown, and grey; of pink and blue; of red and 
brown, and red and black; of violet and blue. Further 
we find the phrase “reddish green” used with fair 
frequency. 

The results from colour naming, therefore, are not to be 
despised, for they yield a large return. 
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CHAPTER IV 
TESTS AND RESULTS—~coniinued 


4. Colour Equations 


Colour mixing, to detect colour defect, seems to have 
originated with Professor Cierk Maxwell, who devised 
his Colour Top. Since then this method has gained 
considerable favour in the diagnosis of abnormalities of 
colour-vision. 

In the series of experiments conducted, the Bradley 
colour papers were employed. These all profess to be pure 
spectral colours, The discs were rotated in the usual 
way on an electric colour-wheel. 

A circular piece of stout paper with a small hole 
in the centre is fixed on the colour-wheel. In front of 
this, a large uncut disc is placed, or two large discs with 
edges cut along one radius, as the case may be. [f there 
are two discs they are interlocked so that their proportions 
can be easily adjusted. In front of these large discs, and 
on the same wheel, smaller discs of paper are fixed. 
When the wheel is rotated, the colours of the larger 
discs are thrown so rapidly in succession on the retina 
that they mix and form one colour. Similarly, the 
smaller discs appear of one hue. The object of the 
experiment is to make the colour obtained from the 
inner discs identical in hue and brightness with the 
colour obtained from the outer discs when in rotation. 

Such a method reveals the great difference which exists 
between the normal and the colour-defective eye, 

95 
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Matches are made by the colour-blind which appear 
absurd to the normal eye; and reds and greens, in many 
cases, appearing colourless to them, can be matched 
with greys. Consequently, equations are obtained which 
reveal the defect of the colour-blind. As far as possible 
the intensity of light must be kept constant. 

In this series of experiments an equation for green 
was tried first of all. 360° green was rotated 
on the wheel and in front of it two smaller 
interlocked discs of black and white respectively were 
simultaneously rotated, an endeavour being made to get 
the outer and the inner discs to match. The black and 
white discs were adjusted according to the wish of the 
examinee until he was perfectly satisfied with the match, 
The proportions were then measured by means of a 
circular protractor. The colour-blind are very careful 
in matching colours, and express intense dissatisfaction 
if the slightest difference is visible. Ten colour equations 
were tried in all, and each subject was tested with the 


complete set. 
1 Green = black +white 
z Red xblack+white — 
3 Red | s=green 
4 Red = yellow + black 
§ Green+red (+blue)—black+white 
6 BElue+yellow =black-+ white 
7 *Green == yellow + black 
8 Violet om bine + black 
g Orange m= yellow + black 
10 6(Orange = green 


Below are the exact Bradiey colours employed. 


Red wm red tint 2 
Green == blue-green 
Yellow yellow tint z 
Violet =viclet shade z 
Orange orange 
Bhe =bine 
"Green =green 
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(t} Greanaz Black + White 


Green -+- White Biack +- White 
A 360 = 216 + 44 
B 350 = 29 + I 
c ~~ 
D 315 + 45 == 20 + 340 
E 122 + 238 = 135 + 225 
F 8 + 274 = 34 + 326 
G 360 = Ir + II9 
H 360 m 193 + 167 
I roy + 163 = Ir + 250 
J 360 == 249 + ‘IIE 


In this case, five of the subjects were able to obtain a 
perfect match—-others required the green to be diluted 
with white before seeing it as a grey. The results of 
these five show a curious correspondence—in fact, the 
equations of B and J, the two extremes as we may call 
them, are identical. This would indicate for these 
particular subjects a complete blindness to green, or 
rather, blue-green. Later, it was found that the blue- 
green in the spectrum formed a neutral band for them. 
For a considerable time H saw pink in the black-white 
disc where no pink was visible to examiner, whereas the 
final match, which to H seemed perfect, appeared pinkish 
toexaminer. The other subjects required the green to be 
diluted with white before it could be matched with 
a grey. In all cases, however, except in those of subjects 
C and D, the green was clearly visible to examiner. The 
equations of C and D were excellent and perfectly normal 
—C's was not recorded, but it was very similar to that 
of D. This is curious when their nomenclature is 
remembered—but it agrees with the fact that they 
did better than the other subjects in the. Stilling 
Test. 

I 
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(2) Reda Black-+ White 


Red -++ White Black -++ White 


A 85 + 275 = 89 + 271 
B & + 275 = 68 + 292 
Cc o—_ 

D 225+ 3375 = Ir + 349 
E 49 + 315 = 6% + 296 
F rot + 258 m= Ir5 + 245 
Gm} + 217 = 33 + 327 
BK o253 + ro = 229 + ¥F3I 
I rog + 165 m= 2789 + 182 
jJ 460 = 342 + 18 


This series of equations clearly shows a difference in 
blindness to red. Only the extreme case J is able to match 
360° with grey, or rather black. H saw the 360° red as 
dark brown, which he afterwards matched with a 
darkened yellow, This red, when diluted—which might 
be called a medium red—he matches with grey. The 
others require differing amounts of red, which shows 
blindness to red, but suggests that the blindness to red 
is not of so grave a nature as the blindness to green. 
This would confirm the results obtained from colour 
naming, that red as a colour was more often recognized 
than green. The results of subjects C and D again, 
however, point to a lesser defect. Subject I, although 
he called red black, could not get an equation with 
the full red disc. Both discs when rotated appeared 
grey to him, but the one was more of a drab 
colour than the other. ‘Subject F saw both the 
outer and inner rings red iong before he could get 
them equated. The equations of A and B are very 
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(3) Mad=Green 
Red+White = Green-+Black 
A 
B 
Cc 
QD 
Ez 
F 
G 2 + 248 = 140 + 220 
H 2azo+ 128 = 288 + 72 (2 greys} 
I #222 + 431358 = 66 + 124+170 white 
od 360 = i196 + 164 


This Table gives striking results. Subjects A to F 
could not get an equation—surely this means that red 
and green are visible to them in some measure? Only 
the four last cases were able to obtain a match, In their 
final equations the red discs to the normal eye appeared 
a vivid red and the green dises a vivid green. I had to 
get white into the green to lighten it and black in, not to 
make it darker, but to make it “ heavier.”” Note the 
result of J, which differs from the others in that the red 
disc did not require dilution, A further equation was 
obtained with 360° green. In other words, the colour 
equation could be obtained from him in any proportion. 
This was not so with the others. This seems to prove 
once again that there are varying degrees of colour- 
blindness—even G and H differ from one another. The 
variations occur, too, apart from any individual 
idiosyncrasy—and seem to be variations solely of 
degree. 


At least red and green are influencing their senastions to some 
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(4) Red= Yellow + Black 


Red = Yellow+Black 
A 

B 

Cc 

D 

E 

F 

G 

H 360 oa 25 + 335 (2 browns) 
I 

J 360 = j6 + 324 


This confirms the results of equation 3, as regards 
severity of defect. H sees red as dark brown, and these 
two equations, of H and J, place them at once in the 
scoterythrous class as described by Myers in his Experi- 
mental Psychology, where he gives the equation, 360° red 
= 18° yellow + 342° black. Helmholtz, in the second 
edition of his Physiological Optics, gives a similar equation.* 
Dark red, therefore, appears as a very much darkened 
yellow, in the cases of these two subjects, almost a black. 
Subject F almost obtained an equation. The outer ring 
(the red ring) was red ; the inner ring was red and brown. 
The brownish tinge could not be eliminated. The 
other subjects failed completely to match the two discs. 

(5) Green +- Reds: Black + White 
Green+ Red + Blue = Black -- White 
Normal t94 + 113° + 53 = 255 + 105 


A 198 + 1085+ 535 2765+ 83:5 
B joz5-+ 28 + 29:5= 2405 + IIQ'§ 
C i198 + 110 + §2 = 269 + QI 
D 204°5+ 1185+ 37 = 264 + 96 
E 230 + 130 = 237 + 123 
F 155 + 133 + #74 = 275 + 45 
G 277 + 83 = 261 + 99 
H 192 + 168 = 187 + 174 
LE oa3rg+ 68 + Gog a7r + 8 
J we + 198 = + §&r: 


279 
N.B.—J can employ any proportion of red and green and get an 
equation, for he sees both as grey. 


1 360° sealing wax red= 35° yellow-+ 325° black. 
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A green and red disc alone cannot be equated to grey by 
the normal eye, for there appears, on adjusting, either too 
much red or too much green, If the green and the red 
are eliminated, the result is yellow. A third colour, 
therefore, is necessary before a satisfactory equation can 
be obtained. This experiment was carried out on 22 
normal subjects, and the average of their results gives a 
fair indication of the normal equation. The equations 
obtained from the colour-blind subjects show marked 
deviations in some cases. Six of them required the 
addition of the blue before they evinced satisfaction, 
although in 4 cases their final equations appeared defective 
to the normal eye; the other 4 were able to obtain a 
match from the mixture of the red and the green alone. 

C and D, as before, gave excellent results. C’s match 
was almost identical with the normal equation. 

B, F and I show deviations from the normal. All 
three declared their match to be perfect. In the cases of 
B and I the outer ring appeared very green to the experi- 
menter and the inner ring decidedly pink by contrast. 
Both show an excessive proportion of green, 


Normal r94° 


Bow 302° 
[ rrr +) oe 


and a correspondingly small section of red, this seeming 
to point to the fact that the subjects are more blind to green 
than to red (this result we have obtained before). B could 
not get a match with red and green alone, for the outer 
ring appeared teo green and the inner too pink ; yet when 
blue was added he immediately expressed complete satis- 
faction, although to the experimenter’s eye the green was 
still in evidence. Subject A also was dissatisfied with 
red and green alone, but immediately the blue was added 
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an instant change of judgment was given and the discs 
were claimed to be identical, Subject Fshows anabnormal 
proportion of blue, 

The other four subjects were able to obtain good matches 
without the addition of a third colour, and all expressed 
satisfaction with their equations. Subject J could obtain 
perfect equations with any proportions of red and green. 
How is it that this is so, and that other subjects suffering 
from the same defect are unable to do so? The E, G,H 
show a larger proportion of green than red. 

These results thus show considerable divergence and point 
to different degrees of colour-blindness for red and green 
respectively. The first few subjects gave clear evidence 
of seeing and recognizing red and green. It might perhaps 
be added that an anomalous trichromate, who was tested 
and who could pass Stilling’s Tables, gave the following 
equation: gg° green + 208° red + 53° blue = 280° 
black +- 80° white, which showed her to be red-anomalous. 


(6) Biue-+ Yellow=e Black + White, 


Similar results were obtained with blue and yellow discs, the yellow 
containing a green tinge. The normal eye requires to add a third disc 
of red before a satisfactory match can be obtained, 


Blue + Yellow + Red= Black + White 


Normal 165 + 147 + 48 w= 213° + 147 
A 237 + I0r + 22 = [975 + 162°5 
B iw2 + 188 — = 165 + IQs 
C 175 +155 + 30 = 195 + 165 
BD i192 + 147 + 2 = 236 + 124 
E 204 + 156 — = 240 + 120 
F omwxs + 189 — = 2358 + 122 
G I70 + 190 — = 240 + 120 
H 302 + 158 — = 336 + 1z4 
I r8y + «197 — =219 + IMI 
J} wo 4+ 191 — = I99 + 167 


COLOUR EQUATIONS 103 


Only three subjects required the third disc of blue. 
C’s and D’s equations show great similarity to the normal 
as before. A in her equation shows more blue and much 
Jess red than the normal, The other subjects were able 
to obtain a satisfactory equation without the addition of 
the third disc. Their results show considerable similar- 
ity. The green contained in the yellow evidently was not 
detected by the examinees and the consequence was a set 
of equations which appear entirely faulty when viewed 
by the normal eye. B's results are not what might be 
expected from the previous results obtained, but he 
expressed great satisfaction with the match. He is a 
most reliable subject, and always takes great pains with 
all his equations, not allowing the smallest difference to 
pass unobserved. To subject E the final arrangement 
appeared as grey, although the discs appeared respectively 
pink and green to the examiner. Subject I called the 
two discs blue in the final result represented by his 
equation, although, as before, pink and green were clearly 
visible. 


(7) Green= Yotiow + Biack 
The green in this equation was & grass green. 
Green = Yellow + Black 


360 = 278 + 82 
360 = 223 + #1357 


cannot get rid of brown tint in yellow. 
360 = IIT + 249 
outer circle green, inner red. 
360 = 240 + 120 
360 = 1186 + I74 
360 = I9¢ + 166 


erode ese Oe 
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These are characteristic equations of colour-blinds, 
Green is seen as a darkened yellow, and most of the 
subjects obtained this equation. Cand D as before stand 
apart, The green was not tried diluted or perhaps an 
equation with E and G might have been successful. Evi- 
dently this particular shade of green or perhaps of yellow 
did not suit their colour scheme. 


(8) Violet Bive+- Black 
Violet = Blue + Black 


360 m 202 + 158 


360 
360 
360 
360 
360 
360 


131 
255 
246 
216 
202 


335 


Z29 
105 
Ii4 
144 
158 

25 


SS ToD sy oop 


F+ttett 


These again show typical colour-blind equations. Blue 
and violet are constantly being confused. The fact that 
C and D could not obtain an equation calls for little 
remark. C, however, always showed considerable con- 
fusion in naming colours when matching them. Violet 
and blue were both called shades of blue. Then when 
these were rotated simultaneously and after a considerable 
amount of adjusting had been done, he declared he saw 
too much green {!) on the outer disc (evidently the red 
in the violet}. He finally declared the inner dise to be a 
purer blue, and although still convinced that the two discs 
represented two shades of blue, he was unable to get them 
matched. 

D likewise called both discs shades of blue, the violet 
being the darker. Immediately the discs were rotated on 
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the colour wheel, he called the violet disc no longer blue, 
but purple. 

The fact that B is unable to obtain the equation is a 
curious one. He confuses blue and violet if presented 
separately, but when they are rotated he can immediately 
detect the purple element. The equations show a fair 
similarity except in the case of J, whose equation is totally 
different from any of the others in respect of the small 
proportion of black employed. Does this indicate a 
blindness to blue or a defect inshade? The blue disc must 
have differed in brightness from the violet disc, being 
considerably lighter if we take the other subjects’ equations 
as valid. The results from the Bradley paper test show 
that there does exist a deficiency in shade perception. To 
the subjects who obtained the equation violet appears as 
a darkened blue; to J violet appears as a fairly bright 
blue. On the other hand other tests suggest the other 
explanation—a weakened sensitivity to blue. 


(9) Orange Yeliow-+ Black 


Orange = Yellow -+ Black 


360 = 117 + 243 


360 = 92 + 268 
360 = 8 + a7I 
360 = 90 + 270 


tet rt at dO bd 


The last three equations are very similar; that of sub- 
ject F shows more yellow. Orange, therefore, appears 
as a darkened yellow, much darker than green appears to 
be, if we compare the results obtained in equation 7. This 
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seems correct, for if the spectrum to the left of the neutrai 
band is seen as shades of yellow, the orange will appear a 
darker shade of yellow than the green. 


Take H’s results, for example : 


360 red = 25 yellow + 335 black. 
360 orange = 92 yellow + 268 black. 
360 preen = 240 yellow-+ 120 black. 


The yellow disc employed in all three was the same ; 
more yellow is required as we pass from red to green. 
{10) Orange—Green 


Orange + White = Green + White 


A 455 + 3145 = 93 + 267 

Boi4 + 246 = 134 + 226 

C 16 +204 = 48 + 222 

D 

E 37 +333 = 7 + 284 

F 

G 

H 256 + 104 =m 360 

[ 357 + 103 = 360 

J 360 + = 317 + 43 black 


In the equations of subjects A and E, the orange was 
so diluted that it appeared as a very, very pale pink, the 
other disc as a very pale green. The colours in B's discs 
were More pronounced. C this time obtained an equation, 
a stronger one as regards colour than B even. In both 
cases, however, the final discs resembled pale pink and 
pale green. Subject E could not procure an equation, 
although he called the outer orange ring green, and the 
inner ring which was green red. With subject G the outer 
ring was orange, the inner a grey, and therefore no match 
could be obtained. It will be noted that the equations of 
H and I are very similar, although H called his result 
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orange, while I named his green. In both cases the full 
green disc was matched with a diluted orange. Subject 
J, as before, has an equation of his own, which totally 
differs from all others, The full orange disc is matched 
with a darkened green ; both appeared to him a dark grey. 

The equation of magenta and violet was tried, but 
unsuccessfully. To subject I, for example, the two discs 
appeared as two shades of blue, the former much darker 
than the latter, but although both were blues it was 
impossible to equate them, not because they were of 
different colours but because the violet appeared a “‘ cheer- 
ful *’ bine, whereas the magenta was of a “ washed-out 
drab’ appearance. With subject H an equation of magenta 
and crimson was tried, but when rotated together they 
could not be matched, for the blue appeared in the 
magenta. But when the magenta was matched with a 
blue or with a violet, it lost its blueness, and became a 
grey, evidently an example of the operation of Weber's 
Law. 

Colour-mixings are valuable for giving the precise colours 
which appear similar to a colour-blind, and seem to be a 
most useful test, The one disadvantage—at least, if used 
for practical purposes—is the time they require, but for 
theoretical requirements they are indispensable, Besides 
giving valuable insight into the individual] cases examined, 
they yield general results in additivun. 

(t) Each case has been studied by means of the same 
ten colour mixings; the same objective tests have been 
applied, but the subjective results have varied consider- 
ably. The outstanding result which appeared with the 
Holmgren wools and in nomenclature was that the colour 
defect could be graded. This same result appears decis- 
ively here. The subjects at the beginning of the list could 
not obtain equations which could be procured from those 
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at the other end. The extreme cases had no difficulty in 
matching all the discs, whereas those of the milder type 
could not possibly accept some of those equations. With- 
out labouring the point, there is assuredly a clear difference 
in the degree of defect of all ten subjects. The less extreme 
cases ave without doubt influenced by red and green sensa- 
tions. 

(2) Each case is difierent from every other case. While 
making allowances for grade of defect, there still exists 
an individuality which marks off each particular case. A 
and B, who are very similar in defect, do not always agree 
in their matches, and the one often fails to equate two 
colours which have been successfully equated by the other. 
Subject J seems to have an individuality all his own, which 
was clearly shown on more than one occasion. 

(3} The colour mixings show that in extreme cases, 
yellow and blue are the two colours from which every other 
colour is derived. To quote subject H’s results :-— 


Red 23 yellow -+- 335 black 
Orange g2 yellow + 268 black 
Yellow 

Green - z40 yellow + rzo biack 
Blue-green 167 white + 193 black 
Blue 

Violet = 216 blue + Yada black 


The above may be taken as the colours of the spectrum. 
Red, orange, yellow, and green are seen as shades of yellow, 
the blue-green forms the neutral band; the rest of the 


spectrum is seen as shades of blue. 

Subject J 

Red 36 yellow + 324 black 
Orange go yellow + 270 black 
Yellow 
Green I¢q4 yellow + 166 black 
Blue-green Tir white -++ 249 black 
Blue 


Violet 335 blue + 25 black 
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This result is similar to that of H. In addition, how- 
ever, this subject matches the same red with 18° white + 
342° black. In both cases the red is seen as black. With 
H the red had to be diluted a little before it was matched 
with a dark grey. 

(4) The following colours are those which may be con-~ 
fused by a red-green colour-blind : 

Red with grey, or with black in the case of a shortened 
spectrum; blue-green with grey, and red with green ; 
yellow with orange, and green ; also blue with violet. 

(5) The defect seems greater as regards green than as 
regards red. Otherwise how does one account for 360° 
green being matched with a grey in the case of A and B 
for example, whereas the red had to be diluted practically 
to that required by normal vision before it could be matched 
with a grey. This agrees with the results from Stilling's 
Tables, that the red is more often recognized than the 
green. 

(6) Colour-blinds accept as correct equations which 
can be obtained by the normal eye. 


5. Rayleigh's Equation* 


This is a particular form of colour equation so called 
after Lord Rayleigh, who by this means was enabled to 
detect two special forms of variation from the normal, 
known now as “ anomalous trichromates.”” In matching 
red and green yellow, the majority tested centre round a 
common equation: there are some, however, who show 
marked deviation from the normal, The “ green anom- 
alous ” require a considerably large proportion of green 
before a match can be obtained, the “‘ red anomalous” 


1 Natere, 1881. 
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at the other end, The extreme cases had no difficulty in 
matching all the discs, whereas those of the milder type 
could not possibly accept some of those equations. With- 
out labouring the point, there is assuredly a clear difference 
in the degree of defect of all ten subjects. The less extreme 
cases are without doubt influenced by red and green sensa- 
ions. 
(2) Each case is different from every other case. While 
making allowances for grade of defect, there still exists 
an individuality which marks off each particular case. A 
and B, who are very similar in defect, do not always agree 
in their matches, and the one often fails to equate two 
colours which have been successfully equated by the other. 
Subject J seems to have an individuality all his own, which 
was Clearly shown on more than one occasion. 

(3) The colour mixings show that in extreme cases, 
yellow and blue are the two colours from which every other 
colour is derived, To quote subject H’s results :— 


Red a5 yellow + 335 black 
Orange gz yellow + 7268 black 
Yellow 

Green - 240 yellow + 120 black 
Blue-green 167 white + 193 black 
Blue 

Violet = 216 blue + trgq black 


The above may be taken as the colours of the spectrum. 
Red, orange, yellow, and green are seen as shades of yellow, 
the blue-green forms the neutral band; the rest of the 
spectrum is seen as shades of blue. 


subject J 

Red 36 yellow + 324 biack 
Orange go yellow + 270 black 
Yellow 

Green tog yellow + 166 black 
Blue-green Irr white + 249 black 
Biue 

Violet 435 blue + 28 black 
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This result is similar to that of H. In addition, how- 
ever, this subject matches the same red with 18° white + 
342° black. In both cases the red is seen as black. With 
H the red had to be diluted a little before it was matched 
with a dark grey. 

(4) The following colours are those which may be con- 
fused by a red-green colour-blind : 

Red with grey, or with black in the case of a shortened 
spectrum ; blue-green with grey, and red with green ; 
yellow with orange, and green ; also blue with violet. 

{5) The defect seems greater as regards green than as 
regards red. Otherwise how does one account for 360° 
green being matched with a grey in the case of A and B 
for example, whereas the red had to be diluted practically 
to that required by normal vision before it could be matched 
with a grey. This agrees with the results from Stilling’s 
Tables, that the red is more often recognized than the 

green, 
- (6) Colour-blinds accept as correct equations which 
can be obtained by the normal eye. 


5. Rayleigh’s Equation® 


This is a particular form of colour equation so called 
after Lord Rayleigh, who by this means was enabled to 
detect two special forms of variation from the normal, 
known now as “ anomalous trichromates.” In matching 
red and green =yellow, the majority tested centre round a 
common equation; there are some, however, who show 
marked deviation from the normal. The “ green anom- 
alous ” require a considerably large proportion of green 
before a match can be obtained, the “ red anomalous ”’ 

1 Nature, 188r. 


IIo TESTS AND RESULTS-—continued 


require a similarly large proportion of red. The dichro- 
mate accepts the normal Rayleigh equation and also 
marked deviations from the normal. 

All subjects were tested with the equation except 
subject I, from whom, unfortunately, further data could 
not be obtained. 

The results were as follows, and some of them compare 
quite favourably with the normal : 


Red + Groen = Yellow 4- Witte + Black 


Normal 197 + 163 48 + 485 + 2635 


A 184 + 176 = 47 + 525 + 2605 
Bor + 179 = 46 + 485 + 2655 
C 6 + 174 = 36 + 65 + 259 
D 200 + If = 38 + 57 + 265 
E 248 + 2 = 2 + 62 + 29I 
F 187 + #173 = #5879 + 47 + 256 
G «m8 + zoz2 = 38 + 76 + 248 
Ho2274o+ #3136 = 32 + #30 «+ «298 
J {330 + 22 = 35 + 325 

13 + 345 = Igor + 26 + 143 


Anomalous Trichromate 
208 + 192 = 4¢ + 50 + 266 


The wide range which is allowed by subject J is 
remarkable. Unfortunately, the limits in the other 
matches were not specially noted, but they showed less 
variation than those of J. D, for example, allowed a 
variation of about 4o degrees, after which the red was 
clearly distinguished. A and B and D would permit very 
little alteration in the proportions. The conclusion we 
would draw may be aptly expressed in the words of 
Professor Hayes :—‘ All the subjects objected to wider 
extremes of red and green by correctly naming red or 
green when either one was increased beyond the limits 
finally decided upon ; they insisted that the mixture was 
different in quality from the dirty yellow with which it 
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was being matched, no matter how the yellow mixture 
was varied. Now, since dichromates are supposed to see 
red and green as yellows, it is difficult to imagine how they 
were able to detect the reds and greens under the con- 
ditions, unless we grant the possibility that they may have 
some sense of red and green as a colour quality distinct 
from yellow.” 

All subjects except H and J recognized the red 
and green in the two discs, which bears out Professor 
Hayes’ conclusions, and confirms the results previously 
established. 


6. Analysts of Spectrum 


in the absence of a spectrometer, which was not avail- 
able for the experiment, we had to resort to testing the 
subjects with a coloured plate—that in Parsons’ Inivo- 
duction to Colour-Viston. A piece of firm paper sufficient 
to cover the spectrum in its entirety and containing a 
small vertical aperture was employed. This allowed only 
a very smali part of the spectrum to be seen at one time, 
and the subject was asked to name the colour visible. 
This test, without doubt, is open te most serious objections 
and as a test is not in the least reliable. It is wonderful, 
therefore, that the results obtained from this primitive 
spectral exploration agreed with the results obtaimed from 
more exact methods. 

The following points of the spectrum were taken—they 
are expressed in Angstrém Units. 

The wave-lengths are indicated by the presence of Fraun- 
hofer lines which, being constant in position, give a series 


1 American journal of Psychology, 1911. 
* Angstrom unite 1 pp 
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of fixed points in the spectrum. The colours centre more 
or less around these points, but the selection of wave- 


length is to a certain degree arbitrary. 

Colows AU. 
Black A 7606 
Dark Red B — 6859 
Red Cc — 65h, 
Orange 

Yellow D — 5897 
Yellow-grean 

Green E -— §371 
Blue-green F — 4862 
Blue Gc — 4306 
Violet H —= 3696 


Black 


1Ig 
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This rough spectral diagnosis is instructive. A glance 
at J’s spectrum reveals the fact that his defect is very 
grave. He has the spectrum considerably shortened at 
the red end, for no colour is seen until the sodium or D 
line is reached; even the orange is seen as a medium 
grey. A large neutral band is revealed in the centre, 
including the yellow-green, the green and the blue-green ; 
this is larger than is usual, for the yellow-green, too, is 
merely seen as a brightness. The spectrum at the violet 
end seems to be shortened, leaving only a narrow band of 
blue. Joy Jeffries notes that Dr Edward Raehlmann in 
Halle, when testing for colour-blindness, found that when 
the red end of the spectrum was shortened the violet end 
was also reduced— this observation has not been generally 
confimned.! This subject thus has only two narrow bands of 
colour in the spectrum—a narrow band of yellow, and one 
of blue, which would account for the regular unfailing series 
of greys which ail colours appear to him to be, It may fur- 
ther account for the fact that blue is often seen as a grey. 

The spectrum of subject I is somewhat different, but 
from his confused nomenclature it is difficult to determine 
what spectral colours are visible to him. At the time of 
being tested his colour-vision had become the centre of 
interest at home, and he had been instructed im the 
colours of the spectrum just before he was tested, which 
was unfortunate for the test. It is evident, however, 
that he has the red end of the spectrum shortened, but not 
to such an extent as J. Sensations of colour begim for 
him about the band of orange. He probably has an 
extended neutral band, but this would require a more 
thorough investigation before a definite decision could be 
reached. Yellow-green he calls reddish yellow or pinkish 
brown, green he calls greenish red, and blue-green he 


1 Rachimann himself (in Archiv fir Ophthaim., Vol. XXII) gives the 
shortening of both spectral ends as characteristic of the rareat type of 
colour- blindness. 
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designates as pinkish green. This shows an entire lack of 
recognition of the colours. His blue, however, is more 
extended and reaches well out to the violet end. 

Subject H is a third case of a shortened spectrum. 
His colour sensations begin in the red. He has a large 
neutral band over the green and blue-green, and he seems 
to have—as in the case of J—the spectrum shortened at 
the violet end. 

Subject E has not generally been regarded as having a 
shortened spectrum, for he passed Stilling’s Table 3, and 
in the matches with wools and in nomenclature, he did 
not give any evidence which might give rise to the belief 
that a shortened spectrum existed. He was one of the 
subjects, however, who more than once called a blue a 
grey, and it would seem here that the violet end of the 
spectrum is shortened, leaving a narrower band of blue 
than usual. It will be noticed further that he names the 
dark red a reddish-grey. He has a neutral band which 
embraces green and blue-green. Subject C is the only 
other one who calls the violet, grey; he also calls the dark 
red a brown, but his nomenclature is so bad that it is an 
unreliable criterion. 

Subject G with a normal length of spectrum has a large 
neutral band extending over the green and the blue-green. 
A and B with shortened and unshortened spectrums 
respectively—if Stilling’s Tables are correct—have a grey 
band in the blue-green. This spectral examination does 
not show shortened spectrum in the case of A, as one 
would expect since she was totally unable to read 
Tabie 3, of the Pseudoisochromatic Tables of Stilling. 

These results amplify the conclusions already reached 
regarding the difference in degree of the defect. Those 
cases in which the spectrum is shortened appear to suffer 
from a greater abnormality of vision than those whose 
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spectrum is of normal length, The results also raise the 
question whether when a spectrum is shortened at the red 
end we may expect in extreme cases a shortening at the 
violet end as well. Further, the neutral band varies its 
position ; sometimes it is in the blue-green, at other times 
in the green; while it occasionally includes both. In 
more extreme cases it may extend to the yellow-green. 


(7) Bradley Paper Test 


This test was suggested by Dr Drever. It was origin- 
aliy devised as a possible means of explaining the term 
reddish green which, as we have seen, is used by some 
colour-blinds, but it was found also to give a fairly reliable 
spectral analysis. The Bradley colours with shades and 
tints were arranged in a specific order on two large rect- 
angular oblongs of white cardboard. The colours in each 
case measured two inches by one inch. These were 
arranged at equal distances apart, nine in a row, five rows 
in all on each sheet. The centre rows (called c and C 
respectively) contained the pure spectral and extra- 
spectral colours beginning with violet-red, red, orange- 
red, red-orange, orange, and passing with as many grada- 
tions through yellow, green, blue and violet until red- 
violet was reached. The two rows above that contained 
shades I and 2 of these colours (shade I called 6 and B; 
shade 2 called 4 and A}. The two rows below that con- 
tained two tints of these colours (tint I called d and D; 
tint 2 called eand E}. Looking from left to right, with the 
two sheets contiguous, there were eighteen vertical columns 
each containing five colours, comprising tints and shades 
of a single hue. The total number of colours equalled 
go. A third smaller card contained the ten Bradley 
shades of black, white and grey. 


BRADLEY PAPER TEST II7 


In addition, roo oblongs of colour {including shades of 
grey) were affixed to visiting cards and the position 
of each relative to the larger card indicated on the 
back, 

The method of procedure might be divided into three 
parts. (1) The large cardboardscontaining the colours were 
spread out in a good light before the examinee. The 
experimenter picked out at random one of the smailer cards 
containing a colour or a grey and asked the subjects to 
match it exactly from the larger assortment before him, 
with colour and brightness identical. To the normal eye 
this is simplicity itself, but it was amazing that to the 
colour-blinds this often proved a task of stupendous 
difficulty, even although the arrangement of colours in a 
regular order would seem to offer a little guidance. The 
arrangement of the colourless series on a separate card 
did not seem to suggest a difference in sensations either, 
as the greys, the black and the white were often matched 
with colours. (2) The subjects were asked to name the 
colours in the different rows. This gave a good indication 
of the spectrum as it appeared to them, and considerable 
insight into their defect. (3) An attempt was made 
to analyse the colour sensation known as “ reddish 
green,” 


(1} The Naming of the Colours 
(2) Matching Colours 


The second part of the test acted as a confirmatory 
test to the last one. A larger variety of spectral hues was 
available, which accordingly gave more accurate results. 
Although the results are rather lengthy, it will be advisable 
to record them in full. 

On the next page is the Table with the colours as they 
appear to the normal eye. 
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a b c d s 
1 Red-Violet Violet Violet-Red pale Violet pale Violet 
2 very dark  Red-Viclet Red Red Pink 
Red-Violet 
3 Red-Vic dull Red- Red pale Pink pale Pink 
Orange 
4 Bnght Red duil Brown- Red pale Pink pale Pink 
Red 
§ Bright Red Orange Grange pale Orange pale Pink 
6 Red-Orange light Orange Orange pale Yellow-Pink 
Yellow-Pink 
7 dull Yellow light Brown- Yellow pale Brown- pale Brown 
Orange Yellow 
8 dull Green ‘Yellow- pale Yellow Yellow Cream 
Green 
9 Green Green Yellow- Yellow- very pale 
Green Green Green 
A 'B C D E 
r Green Yellow- Yellow- pale Yellow- Cream 
Green Green Green 
2 Green grass Green Green pale Green pale Green 
3 Blue-Green Blue-Green SBlue-Green pale Blue- pale Biue- 
Green Green 
4 Hine Biue Blue pale Blue pale Blue- 
Green 
s Blue Blue Blue Blue pale Blue 
6 Violet Violet royal Blue pale Violet- pale Violet 
Blne 
3 Violet Purple Purple pale Violet- pale Violet 
Blue 
§ dark Purple dark Purple Violet pale Violet pale Violet 
9 verydark overydark Red-Vi pale Blne- pale Violet 
Violet Violet Pink 
r Black 
2 White 


3-10 ©6Shades of Grey 


On page 119 are the results of the different subjects. 
The first two parts of the experiment will be discussed 
together. 


Subject A 
a b 
I dark Violet Violet 
2 dark Red dark Red 
3 Red Red 
4 Red Red 
§ Red Red 
6 Brown Orange 
4 Green Greenish- 
Yellow 
& Green Greenish- 
Yellow 
9 Green Green 
A B 
1 Green Green 
2 Green Green 
3 Green Green 
4 Blue Blue 
4 Blue Blue 
& Blue Purplish 
7 «Blue Purplish 
8 Blue Purplish 
g dark Grey Yiolet 
1 Black 
z White 
3 Grey 
4 Green 
5 Greenish Grey 


The most striking fact about 
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IIg 
Pa a s 
Violet Violet pale Violet 
dark Red Red Red 
Red Red Pink 
Red Red Pink 
Orange Red Pink 
Orange Reddish- Pink with 
Yellow Yellow 
Yellow Yellow Yellow 
Yellow Yellow Yellow 
Yellow- Yellow Yellow 
Green 
Cc BD E 
Green Yellow Yellow 
Green Green pale Green 
Green Green Blis 
Blue Blue Biue 
Blue Blue Blue 
Blue Blue Blue 
Blue Blue Elue 
Violet Blue Hlue 
Violet Violet Blue 
6 Shades of Greenish Grey 
" do. 
§ do. 
9 do. 
10 do. 
this Table is 


that the shades of grey are taken to be shades 
of greenish grey, a clear confusion of green with 
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grey. This confirms all the other experiments that 
the blindness is more one of green than of red, the 
only exception, curiously enough, being the Rayleigh 
equation, where less green than red was employed 
to match the yellow. A neutral band in the spectrum 
does not make its appearance in the naming, but later 
the grey cards are invariably matched with the blue- 
green, thus indicating a weakened sensitivity in this region. 
The green in yellow-green is not always recognized but 
is the colour frequently called yellow. There is also a 
confusion of blues and violets and purples. One of the 
red-violets is called a dark grey. This colour is an extra- 
spectral colour and is the complementary of the blue-green 
which forms the neutral band. This forms a second neutral 
band beyond the spectrum. There seems to be no sign 
of a shortened spectrum. 

In matching colours, A made many mistakes particu- 
Jarly with the blue-greens. The most interesting results 
were obtained by asking the subject to match the grey 
cards, These she invariably matched with the blue- 
greens. The white card, too, was thought to be green, 
and was matched with C3, D3 and E3, blue-green and its 
two tints. A darker shade of grey she matched with B3 
(a shade of blue-green} and when asked to match B3, she 
looked carefully over ali the greys. The darkest shade of 
grey was matched with the darkest shade of blue-green. 
This proves conclusively the presence of a blue-green 
neutral band. 

Other matches show a confusion of blues with violets. 
D8 {a violet) was matched with C4 {a blue). 

The perception of shade seems to be good, although 
mistakes occur here and there. For example, d2 is matched 
with 22, 24, 63 and 54 ; these are all thought to be identical 
in colour and shade. | 


BRADLEY PAPER TEST 


& 


Purple 


Crimson 


Orange 
Orange 
Yellow 
Yellow 


Greenish 
Yellow 


C 


grass Green 


Green 


Blne-Green 


Blue 
Blue 
Blue 
Violet ? 
Purple 


Subject B 
a b 
t Greenish Greenish 
Crimson Purple 
2 very dark Crimson 
(Crimson 
3 Brown dark Red 
4 light Brown dark Ked 
5 light Brown Red 
G6 Green Greenish 
Red 
7 «Green Greenish 
Red 
& Green Greenish 
Red 
9 Green Green 
A B 
t dark Green Green 
2 dark Green Green 
3 verydark Grey 
Green 
4 Blue Purple 
5 Blue Blue 
6 Blue dark Blue 
4 Blue Purple 
8 light Blue FPurple 
9 Biue Green dark Purple Purple 
and Red 
1 Black 
2 White 


Blue-Pink 


pale Red 
pale Red 
pale Red 
Yellow 
Yellow 
Yellow 
Greenish 


Yellow 


Greenish 
Yellow 


Blue-Green 


Blus 
Blue 
Blue 
Blue 
Blue 
Reddish 
Blue 


g-x0 Different shades of Green 


[2i 


Yellow 


Yellow 


E 
Yellow 


Greenish 
White 
Greenish 

Blue 
Blue 


pale Blue 
pale Blue 
pale Blue 
Blue with Red 


Blue with 
Red 


Here again the shades of grey are seen as different 
shades of green, and there is a suggestion of a neutral 
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band in the blue-green. The extra-spectral colours give 
interesting results. They are evidently puzzling colours. 
We find they are described as greenish crimson, dark 
greenish purple, and blue green and red. The green in the 
greenish crimson {a dark shade of violet-red) 1s said to be 
similar to that of the same shade of the blue-green, which 
seems a striking coincidence. 

This subject seems to have a greater confusion of 
colours than subject A; he does not always clearly 
distinpuish between yellows and greens, nor can he always 
discriminate the reds. 

In matching colours, he shows a better perception of 
shade than A. His confusion is similar to hers in that 
greys and blue-greens are constantly mixed. He also 
matches one of the extra-spectral colours with C3, the 
blue-green. 


Subject © 
a B é ad r 
1 Green or Green or Green or Green or Green OF 
Grey Grey Grey Grey Grey 
2 Brown Brown Brown Brown Reddish 
Green 
4 Brown Brown Brown Greenish, Reddish 
Red Green 
4 Brown Brown Crimson Greenish Reddish 
Red Green 
§ Brown Brown Hight Brown Yellow and Yellow and 
hght Brown Green 
6 Brown light Brown light Brown light Brown Yellow and 


7 Light Brown light Brown Yellow 


Green 

& light Brown light Brown Yellow Yellow Yellow and 
Green 

g light Brown Greenish Greenish light Brown Yellow and 
- Brown Yellow White 


light Brown ‘Yellow and 


Green 
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A B C D E 
r Greenish Greenish Greenish Heht Brown Yellow and 
Brown Brown Brown White 
2 Green Greenish dark Green Greenish Green and 
Brown Brown White 
3 dark Green Green light Green or light Green 
Greenish Grey 
Grey 
4 Blue Biue Blue Blus light Green 
5 Blue Blue Blue Blue light Blue 
6 Blue Blue Blue Blue Blus 
7 Blue Blue Blue Blue Blue 
8 Blue Blue Blue Blue Blue 
9 dark Green Green Blue Blue Blue 
or Grey 
1 Black 
2 White 


3~10 «Grey or Green 


This Table emphasizes the serious features of C’s defect. 
We have already seen how his nomenclature is at variance 
with his colour equations. This is a further proof of the 
curiously contradictory results which the diagnosis of 
his case reveals. 

There evidently exists a blue-green neutral band, with 
the complementary purple also seen as grey. All the 
hues of violet-red and some of those of red-violet he calls 
grey or green, and compares them with the grey cards 
as being of a similar nature. He has a well-marked con- 
fusion of blue and violet; he only mentions red once 
(crimson), except when he uses the term in the compound 
phrase, reddish green. This would seem to indicate 
either a deficiency in red, or an extremely bad nomen- 
clature. The term orange, too, is never mentioned ; 
brown takes the place of it and red. 

In colour matching he shows great confusion in shade 
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as well as in colour. A dark grey which he thought was 
a green was matched with ¢r, a pale violet ; ¢1, a similar 
colour, was matched with a grey. These two colours 
belong to the extra-spectral neutral band of grey. <A&8, 
a dark purple, was matched with b1, a yellow-green, 
and also with a6, 28, ag, orange and greens. B8, of the 
same hue, was matched with a lighter shade of yellow-green. 
For dg, an orange colour, no match could be found, and 
the subject could not even remember the name of the 
colour. He later described it when going over the colours 
as composed of yellow and light brown. He was rarely 
content with giving one match to a colour, but frequently 
gave three or four, showing a defect in shade, 


e.g., AS = a6, a8, ag, Br. 
_ B8 B4, B8, 58, C8. 
by = 67, 68, c5, c6. 


It is difficult to reconcile these results with the results 
obtained from him in his colour equations, but they do 
correspond with the other tests we have considered. 


Subject 2D 

a b ¢ a e 
xr not Purple Purple Purple Purple Purple 
2 dark Brown dark Brown dark Grey dark Brown dark Brown 
3 Brown Brown light Red Red Brown 
4 Brown Brown Red Red Brown 
5 Erown Yellow Brown light Yellow Brown 
6 Yellow Brown Yellow Brown | Brown 
+ Brown Brown Brown Yellow Brown 
& Green Greenor Yellow Yellow Yellow 

Yellow 
9 Green Green Green Brown Yellow 
Yellow 


or Green 
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A B Cc D E 
r Green Green Green Grean very light 
Green 
2 Green Green dark Green Green very light 
Green 
3 Green Green or pale Blue verylight Blue 
Blue Green 
4 Blue Blue light Blue Blue Blue 
§ Bilne Blue Blue Blue Blue 
6 Purple Biue Blue Purple Blue 
47 Purple Purple Purple Purple Blue 
§ Purple Purple dark Purple Purple Purple 
9 Brown Purple Purple Purple Parple 
1 Black 
z White 


3-10 Shades of Grey 


This Table calls for little comment. It seems to suggest 
a neutral band of red, for red is seen as a dark grey. 
Further, orange is not recognized throughout. A confusion 
of red with brown and of yellow with green is also shown. 
Jt aiso reveals difficulty with the purples, and some doubt 
in naming them. In the pale tints in row ¢, he sees no 
pink at all, but names them brown; dg, a yellow, is 
described as a brown, or yellow, or green. He would 
appear to be better classed as an anomalous trichromate, 
and not as a colour-blind, had not the acceptance of the 
Rayleigh equation proved otherwise. He is certainly a 
‘* dangerous ”’ colour-blind so far as practical occupations 
gO. 

In matching colours he shows a slight defect in shade, 
and at times is unable to obtain a match to satisfy him. 
For example, in matching cg, he states that cg is too dark 
and dg too light—the exact match lies between these two. 
a6 is matched with a5, a4, b4, 63. 

One match which tends to suggest a neutral band in 
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the extra-spectral purple is the match used with cz. 
ci is technically known as a violet red, but it was matched 
with cg, a yellow-green. This is the same colour which 
he could not describe, and about which he could only 
state that it was not a purple. This may indicate the 
existence of a small band of the spectrum in which green 
is not visible, and further it may suggest that the yellow 
spreads out into the yellow-green, for it is always about 
that region that mistakes occur. It is an interesting case 
which would repay further study by more exact methods. 


Subjec? E 
a E é a é 

1 very dark Grey dark Blue Blue and Pink Pink 
almost Black almost Black Red 

a very dark Red dark Red dark Red Red light Red 
almost Black 

q dark Red Red Red light Red Flesh 

4 dark Red Red Red light Red light Red 

§ Bright Red Brighter Red Orange Red Red 

6 Brown light Brown Orange Red and Red and 


; Yellow Yellow 
Bright Green light Brown “Yellow Bright light 
Yellow Yellow 


= 


8 Green light Brown ‘Yellow Yellow Yellow 
9 Green Green Bright Green Yellow and 
Green Green 
A B Cc D E 
5 - Green Green Green Green almost 
White 
2 Grey Green dark Green Green Grey Green 
3 dark Grey Grey Grey Grey light Grey 
4 Blue Blue Biue Blue Blue 
§ Blue Blue Biue Blue Blue 
6 Blue Blue Blue Elue Bine 
7 Blue Blue Blue Blue Blue 
& Hlue Blue Blue Blue Blue 
9 Blue Black Blue Blue Brue 
zt Black 3-9 Shades of Grey 


z White 10 .Grey Green 


BRADLEY PAPER TEST 27 


This Table clearly reveals a neutral band in the green 
and the blue-green, which confirms the diagnosis of the 
previous test. The two shades of red-violet and violet- 
ted appear as almost black, revealing a second neutral 
band there, The violets themselves are not recognized, 
but all are considered as shades of blue. Red, orange and 
yellow are discriminated as colours, although occasionally 
they overlap and the change of colour, as seen by the 
normal eye, is delayed in his case. It is only in the centre 
row that he recognizes orange—to the tints and shades 
the term is not applied, although he twice uses the 
expression red and yellow; #7, seen by the normal eye 
as a dull yellow, the subject describes as a bright green. 
While the greys appear as such, the darkest shade is 
thought to be a green, 

In matching colours, considerable confusion is revealed 
with the greys. Shades 3, 5, 7 and 8 are all matched with 
C3, the blue-green. This occurred with most of the 
subjects. Shade 6 is matched with B3, a blue- 
green. Shade g is matched with cz, a3, 63, 45; 
that is, with red and shades of red. This shows 
a confusion of red and grey—a conclusion we heave 
previously reached. Shade Io, which is to him a dark 
green, is matched with A3 and B3, two shades of 
blue-green, 

A3, a blue-green, which he considers to be a grey con- 
taining red, is matched correctly, but only after all the 
reds have been carefully examined, Aq, a blue to the 
normal eye (though technically a tint of green-blue} is 
matched with a4, 45, 63, 64, shades of red and orange. 
Ao, a very dark violet, is matched with Ag, Bo, b1, and AI ; 
br is the other extra-spectral colour and Az a green, which 
all appear as grey. This explains why purples, greens and 
greys are considered as correct matches. It may also 
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explain why some violets or purples were seen as grey in 


some of the previous experiments. 
Subject F 
a b re a 
1 Red Red Reddish Reddish 
Blue Blue 
2 Red Red Red Red 
3 Red Red Red Reddish 
| Green 
4 Red Red Red Green 
§ Red Reddish Reddish Yellowish 
Brown Brown Brown 
6 Reddish Reddish Yellow Yellow 
Brown Brown 
7 Yellowish Yellow Yellow Yellow 
Brown . 
8 Yellowish Yellow Yellow Yellow 
Brown. 
9 Yellowish Yellow Yellow Yellow 
Brown 
A B c D 
t Reddish Reddish Yellow Yellow 
Brown Brown 
@ Reddish Reddish Yellowish § Yellowish 
Brown Brown Brown Green 
3 Red Red Greenish Keddish 
Grey Green 
4 Reddish Reddish Blue Blue 
Blue Blue 
5 Blue Blue Blue Blue 
6& Blue Blue Blue Biue 
7 Blue Blue Blue Blue 
& Blue Blue Blue Blue 
a Blue Red Blue Blue 
I Black 6 Red 
2 White q Grey 
3 Reddish Green & Reddish Green 
4 Reddish Green 9 Grey 
5 Red 19 Green 


light Red 


Green 
? Green in it 


Yellow 
Yellow 
Yellow 


Yellow 


Yellow 


Grey 


light Green ? 


Blue 


Blue 
Blue 


BRADLEY PAPER TEST I29 


Much confusion is exhibited between the red and green 
in this Table. The green sensation is weakened in the 
green and the blue-green ; whether there is a complete 
neutral band here is doubtful—but there is a possibility 
that such is the case. Certainly, the green is not a clearly 
defined sensation for him, It is curious, too, how often a 
green oblong is named red by the subject. Usually with Fa 
green is confused with yellow, but in this instance there is 
a direct confusion with red, In columns A and BE, green is 
never mentioned, but its place is taken by a yellowish 
and a reddish brown. ¢3 and e4, two pale pinks, are 
both termed greens ; E3, however, a green, is recognized 
as such, but some other colour unknown is also present. 
The darker tint of the same green is described as a reddish 
green. 

Violet is seen as blue throughout, The shades of grey 
appear as greys, reds, greens and reddish greens. The 
complete confusion of reds and greens with each 
other, and with grey, seems to be indicated in this 
instance, 

Matching colours reveals a good perception of shade, 
The white card was matched with E3, a very pale blue- 
green, and grey was matched with C3, also a blue- 
green, ¢I, an extra-spectral purple, was matched 
with E4, another pale blue-green, This is evidently 
a characteristic of some colour-blinds. ES8, a pale violet, 
was matched with ez and d4, a purple and a pale 
pink. This is the typical confusion of blue with pink. 
a7, a dull yellow, and Cz, a green, were judged to be 
identical. 

It is worthy of note that the violet-reds are described 
as reddish blues, a relatively correct description, but the 
fact becomes really significant, when we find that green- 
blues are similarly described. 

L 
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Subject G 
~ - é ad a 
1? dark dark Grey Violet Grey Grey or 
Crimson Green 
2 Crimson Crimson Crimson Red Red 
5 Red Red Red Red very pale Red 
4 Red Red Red Red Green 
5 Red Red Red Fed and Green 
Yellow 
6 Green Green Green Red and Green 
more Yellow 
= Green Green Yellow Yellowish | Greenish 
Green. Yellow 
& Green Green Yellow Yellow Yellowish 
Green 
g Green Green Green Green Yellowish 
Green 
A B C D E 
x Green Green Green Green Cream 
2 Green Green Green Grey Grey 
3 Grey Grey Grey Grey Bluish Grey 
4 Blue Blue Blue Blue Bluish Grey 
5 Blue Blue Blue Blue Blue 
6 notesc Blue Blue Blue Blue Blue 
+ Blue Blue Blue Blue Blue 
8 Blue Blue Red and Elve Blue Blue 
9g Grey Grey Blue Blue Blue 
I Black 
¢ White 


3-10 Green 


As in previous cases, the neutral band in the blue-green 
is strongly marked, but it extends into the green as well. 
The purples present great difficulty, and are sometimes 
called grey, sometimes green, Orange is not recognized, 
but is replaced by green; ¢4 and ¢5, pale pinks, are 
described as greens. To the right of the neutral band the 
spectrum is seen as shades of blue. The shades of grey 
are not discriminated from shades of green. 

In matching, the white card is confused with E3, a very 


pale blue-green, the greys likewise. cg, a yellow-green, 


BRADLEY PAPER TEST I3I 


is not differentiated from C4, a green-blue. There is, 
too, frequent confusion between yellows and yellow- 
greens. 


Subject 
a b ¢ a é 
1 Black Blue dark Blue Blue light Blue 
2 dark Brown Brown dark Brown medium meditm 
{Black} (Biack) Brown Brown 
3 dark Brown Brown dark Brown Grey Grey 
4 light Brown Brown light Brown Grey Grey 
5 light Brown Brown light Brown Grey Grey 
6 verylight light Brown verylight light Grey = dirty Yellow 
Brown Brown 
9 very light Orange Orange Yellow dirty Yellow 
Brown 
8 very light dark Orange light Orange Yellow light Yellow 
Brown 
Q verylight dark Orange dark Orange dark Yellow light Yellow 
Brown 
A B Cc D E 
t Brown light Brown Orange light Yellow White 
2 medium light Brown medium Grey dirty White 
Brown Brown 
3 Grey very dark dark Grey Grey light Grey 
Grey 
4 dark Blue- dark Blue dark Blue Blue dark Grey 
Grey 
5 dark Blue vivid Blue dark Blue  JElue Blue 
6 verydark Blue very dark Blue Blue 
Blue Blue 
7 dark Blue Blue very dark Blue Blue 
Grey 
& dark Blue Blue very dark Blue light Blue 
| Grey 
9 Black Black Blue Blue light Blue 
r Black 
2 White 


3-10 Shades of Grey 


This Table is an interesting one, for it plainly shows 
the effect of a shortened spectrum. The neutral band 
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embraces the green and the blue-green, and is present in 
the unsaturated green-blues. This will account for the 
fact that certain blues in the wool test were considered 
greys. Very pale tints of this colour or very dark shades 
will be so confused. 

The complementary colour of the blue-greens is seen 
as blue or black—the shades as black, the tints as blue, 
The tint which appears as a bluish pink to the normal eye 
is composed of red and violet. As the subject is blind 
to red, the red sensation is completely absent, and the 
violet sensation remains, which is described as blue. 

Red is seen as black or very dark brown, and, if we 
consider row c, this colour name serves to describe all the 
red and the orange sensations. No colour is recognized 
until the orange-yellow (c7) is reached. This is called 
orange by the examinee, and the same name includes 
pure yellow, green-yellow, and yellow-green. ‘‘ Orange ” 
is constantly applied to a green containing yellow. 

The tints show markedly the absence of a red sensation, 
for 43, d4, d5, and d6 yield only greys. 

One other interesting feature is worthy of note. C7 
and C8, a blue violet and a violet respectively, are colour- 
less, which points to a shortening of the violet end of the 
spectrum. This coincides with the finding in the last 
experiment. 

In matching, many points of interest came to light. The 
black card was matched with red (cz), the white with a 
very pale blue-green (E73). Certain shades of grey were con- 
fused with ¢2, ¢3 and ¢3, reds and pinks; others were 
thought to be identical with the blue-greens. The 
general mistakes made with the colowrs were blues, erron- 
eously judged to be violets, and yellows, greens. 

A defect in shade, though not a serious one, occurs 
frequently. 
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e.g., By and C8 
Dr , 49 


A4 a3 B6 
Eg ,, E7 


b4 ,, @ 
In these cases the colour is correct, but the shade is 
wrong. 


Subject f 
a | 8 c a é 
t Grey Grey Blue tinge Elue tinge Grey 
2 Black Black Black Black Grey 
3 Grey Grey Grey Grey Grey 
4 Grey Grey Grey Grey Grey 
5 Grey Grey Grey Grey Grey 
6 Grey Grey Orange Grey Grey 
7 Grey Grey Yellow Orange Yellow 
& Grey Grey Yellow Yellow Yellow 
9 Grey Grey Yellow Yellow light Yellow 
A B C D E 
i Grey Grey Grey Yellow White 
2 Grey Grey Grey Grey Grey 
3 Grey Grey Grey Grey faint Blue 
4 Blue Blue Blue Blue Blue 
5 Blue Blue Blue Blue Blue 
6 Blue Blue Blue Blue Blue 
7 «Blue Blue Blue Blue Blus 
8 Elue Blue Blue Blue Blue 
9 Black Black Blue Blue Blue 
1 Black 
2 White 
3-10 «Grey 


This wasa most difficult test for this subject, and caused 
him intense fatigue, so that he had to rest his eyes 
frequently. 

This Table presents different features from any of the 
others, for it reveals an amazing lack of colour sensation, 
The spectrum is shortened and no colour is seen before 
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the yellow-orange (c6). With the last subject, the colours 
beyond that were named brown, but with this subject 
they are merely brightnesses. The yellow band in the 
two shades is non-existent, and only grey is seen until 
the blue begins to make an impression, which indicates 
a weakened sensitivity to yellow. The neutral band is 
large, extending over the yellow-green, the green, and the 
bhue-gréen. His spectrum accordingly is as follows :— 
A shortened spectrum at the red end ; a large grey band ; 
a patch of yellow; a neutral central band, larger than 
ordinary ; and then a region of blue which seems here 
to extend to the violet. The last test pointed to 
shortening at the violet end. 

In matching colours marked confusion was revealed, 
which was to be expected, considering the large number 
of colours which the subject sees as grey. This part of 
the experiment was lengthy because J had to search all 
the cards each time. 

Black was matched with a2, @3, 52, cz, d2, ali reds, 
which is a typical feature of his case, White was matched 
with ¢8, E3, E4,a cream colour and two very pale blue- 
greens. No. 4, a shade of grey, was confused with 54, 
C4, e2, orange red, red and pink, and with Az and B3, 
green and biue-green. No. 7, a different shade of grey, 
was matched with ag, 55, B1, C3, c4, 23, 2, all of which 
were claimed to be identical with the test card. They 
include green, orange, yellow-green, red, blue-green, 
pink. No. 9, a dark shade of grey, was not differentiated 
from ¢2, b3, 23, b4, c4, B3, pinks, reddish-orange, red and 
blue-green, 

It will be noticed from these few examples that there 
exists a decided defect in shade perception, which seems 
to be caused by the shortening of the spectrum, 

In matching colours the same confusion exists, and all 
are characterized by the large selection made. 
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dz, a tint of red violet, was found to be a most difficult 
test, for it did not appear as a pure blue. It was finally 
matched with dr, cr, Co, as well as with B4, a blue. 6, 
an orange, was matched with the following large variety, 
c6, c5, 56, 67, a7, a8, ag, BI, B2, Az, shades of orange, 
yellow and green. (C5, a blué, yielded also an interesting, 
assortment of colours. It was matched correctly and with 
different shades of the same colour, but placed with it 
were greens and pinks, giving a total of eight in all. This 
includes the typical confusion of blues and pinks. Very 
often the extra-spectral colours are matched with blue, | 
and the inevitable confusion of blue with violet con- 
stantly occurs. 

This experiment confirmed some of the facts previously 
noted in the other tests. 

(xz) It has shown clearly the difference in degree of the 
colour-blindness of the ten subjects, and suggested the 
reason why. In the case of J, it was seen that the yellow 
and blue bands of the spectrum were very small in extent 
compared with the other subjects. His neutral band in 
the centre was broader, comprising yellow-green, green 
and blue-green. H’s neutral band extended over the 
green and blue-green only, likewise subject E. In the 
milder cases, the blue-green was the sole region affected. 
The extent of the neutral band must, therefore, be a 
factor determining the degree of defect. If the blue-green 
alone is affected, then the green appears to be seen either 
as yellow or as green. 

(2) A neutral band at the red end of the spectrum, as 
H and j have, seems to be associated with a defect of 
a graver character. 

(3) The most abnormal cases recorded are those with 
shortened spectrin, except in the case of A, who, according 
to Stilling’s Tables, has a shortened spectrum, but who 
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shows little evidence of it apart from confusing blues and 
pinks. 

(4) It appears that a shortened spectrum is associated 
with a defect in perception of shade, This is evident 
with EH and J. 

(5) A second neutral band occurs beyond the spectrum 
in the purples. 

(6) Although a colour may be recognized by a colour- 
blind, it may, when mixed with white or black, undergo 
a change in hue imperceptible to the normal eye, but 
which will cause it to be placed in a different category by 
the colour-blind. 


3. The Colour Sensation of Reddish Green 

Reddish green is a term much employed by colour- 
blinds, but it does not seem to be characteristic of all 
cases. H and J do not use the term at all, This may 
mean that it is not common in severe cases of colour- 
blindness, but is only employed where the defect is milder. 
Edridge-Green explains it from the point of view that the 
term belongs to the three-unit class, those who can see 
red, green and violet. Reddish green is the term applied 
to the colour seen at the junction of their red and their 
green. It is not a pure red nor is it a pure green, and 
the best description of it seems to be in terms of both 
colours, This is quite a sound explanation, and meets 
the facts, if the theory of Edridge-Green is accepted. If 
we, for a moment, place subject B among the three-unit 
class, and admit that he can distinguish three colours in 
the spectrum, then the explanation seems quite feasible. 
But one characteristic of the three-unit class is that 
red and green are never confused.1 This does not 
apply to B, for he often mistakes the one colour 


1 Dnleas under very special circumstances. 


BRADLEY PAPER TEST 137 


for the other. The fact necessarily excludes him from 
the three-unit class, and the explanation no longer 
applies. 

Peddie, in his recent book on Colour-Vision, seems 
to attribute this term to special cases of trichromatic 
vision. He is an adherent of the Young-Helmholtz 
theory, and accepts the three fundamental colours, red, 
green and biue as forming the three apices of the colour 
triangle. There may exist a 
case in which the red and the G 
blue remain unaltered, while 
the green becomes the yellow 
complementary to the blue. In 
other words, the lower half of R B 
the absolute triangle becomes 
the colour triangle. Two of the fundamental colours are 
still ‘‘ simple ” colours, the third has become a “ fused ” 
colour—yellow, which is nevertheless by training called 
green, and is stimulated by the wave-lengths which 
normally stimulate green. ‘So the identical stimulations, 
which normally extend over the spectrum range red to 
yellow, now extend from red to green; and the double 
colour characteristics of the intermediate yellow-reds or 
red-yellows now extend from red to green. The com- 
pulsory change in nomenclature is, therefore, found by 
replacing “ yellow ’’ by “ green.’’ Thus arise the “ red- 
greens” of some trichromatic eyes.! 

Let us now consider what colours have been called 
reddish-green by the colour-blind. 

It is noteworthy that the term was never employed by 
certain of the subjects, and these subjects are not confined 
to one extreme. They are A, D, G, H, and J. The two 
extreme cases, A and J, do not use this term to describe 


1 pp. 67-8, 
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any colour. B, C, E, F, and I have ail, at one time or 
another, made use of this phrase. 


Subject B 


In Stilling’s Tables he twice used this phrase, once to 
describe a mole colour, which he called a reddish green, 
and once to describe a pink, which he called a greenish 
red. In the Bradley papers test, he used this expression, 
too. 56, 67, and 58, which are shades I of yellow-orange, 
orange-yellow, and yellow respectively, and which appear 
to the normal eye as cinnamon brown, brownish orange, 
and yellowish olive-green, were called greenish reds. In 
row c, however, there were no greenish reds, but the 
corresponding colours were termed orange, yellow and 
yellow, The name was reserved, therefore, for the shades. 
The orange-yeliow, etc., could be explained along Peddie’s 
line, 

ax, 6r, and Ag, the extra-spectral purples, are called 
greenish crimson, dark greenish purple, and blue green 
and red, respectively. The green in aI is said to be 
similar to the green in A3, which is tint 2 of the blue- 
green which forms the neutral band of this subject. There 
seems, one might tentatively suggest, a connection of 
the neutral band with this phrase, Part of the colour 
circle outside the spectrum forms a neutral band, as we 
have seen, complementary to the blue-green. It seems 
to be that the grey of the neutral band is being called 
green, and the violet element mixed with the red appears 
as an impure blue which cannot be called a pure blue, for 
it does not correspond with the subject’s customary sensa- 
tion of that colour, and in consequence is termed a red, 
producing the compound colour, red-green. This may 
occur, therefore, at the junction of the neutral band and 
the adjoining colours, These same colours were thought 
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to be grey or green by a number of those examined. If B 
can distinguish some colour element which J, for example, 
cannot distinguish, and if he designates as green the part 
which J sees, then he uses the double term to express 
this compound sensation which he is experiencing. He 
described Ag, as composed of blue, red and green, but Bo, 
a lighter shade of Ag, appeared a dark purple, and he 
refused to admit the presence of a green in it. To the 
subject, therefore, Ag contained something which Bg did 
not contain, although to the normal eye there is no 
indication of any colour change. There must be some 
definite sensation which is giving rise to the addition of 
green by the subject. 

With the Edridge-Green Lantern B saw the pure green 
glass as a reddish green. On being asked to match the 
glass with a skein of wool, he chose a pinkish yellow, 
This skein appeared green to him, but contained some 
other colour as well, probably a red, and so the colour as 
a whole was described as reddish green. 

With this subject two different colours have been 
described as greenish red. 

(1) The region between the yellow-orange and the 
yellow. 


(2) The purples. 
Subject C 


This subject called a number of the Holmgren wools 
reddish green, or at least red and green. 


rose pink green with red about it 
pink green and red 
pale crimson reddish green 
bluish pink Ted and green 
bluish pink red and green 
bluish red =. red and green 
pale green green and red 


pale green-blue red and green 
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In the case of the bluish pinks it may be incidental] to his 
nomenclature. The blue is named red, the pink, green, and 
the combined result is a red-green. But that does not ex- 
plain the pinks nor the greens. With the Bradley papers he 
placed the reddish greens in the region of the orange, 
which would seem to agree with Peddie’s and Edridge- 
Green’s results. d3 and @4, tints of orange-red and red- 
orange, were both termed greenish reds, and ¢4 was 
described as a lighter shade of greenish red. ¢2, a pink, 
was also designated a reddish green. 

Subject B and C do not always use the phrase to describe 
the same objective colour stimulus. B employs the term 
seemingly for dark colours (shades), and C for light colours 
(tints). 


Subject I 


Subject 1 was not tested with the Bradley papers, but 
with Holmgren’s wools; he described a very dark 
purple as pinkish-greenish-brownish, and a grey likewise. 
This again seems to connect the neutral band with the 
term. In the spectrum he called green greenish red, and 
blue-green pinkish green, which once more is a description 
of the neutral band in terms of the compound phrase. 


Subject E. 

He only once used this phrase to describe a pale blue 
as “ green with pink in it.” 
Subject F 

In the Bradley papers, 23 a tint of orange, was said to 
-be a reddish green; D3, a tint of blue-green, likewise. 
some of the greys, which later were matched with the blue- 


greens, were described as reddish greens. 
From the results given by these different subjects 
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there seem to be three specific kinds of colour experience 
which are called reddish-greens ; the neutral band of 
the spectrum, the neutral band beyond the spectrum, and 
somewhere in the vicinity of the orange region. The 
phrase is not used by all the subjects, but only by those 
whom we have constantly maintained are not limiting cases 
of dichromasy. If our suggestion is correct, that colour- 
blinds can see red and green in certain circumstances, 
then the orange is explained along the two cited lines of 
explanation, namely, that of Peddie and Edridge-Green. 
The subjects are not to be classed, however, as abnormal 
trichromates nor as belonging to the three-unit class. 
They do not see red as normals do, nor green as normals 
do, but are blind to both colours: on certain occasions 
they may recognize one or the other, and the intermediate 
sensation becomes a reddish green. 


8. Contrast Experiments 


Since Stilling suggested that contrast colours might be 
used as a suitable test of colour-blindness, various devices 
have been adopted. Three contrast tests were utilized 
here. 


(a) Coloured Shadows 


Te produce coloured shadows, a lantern was focussed 
on a white screen. Coloured glasses of red, green, blue 
and yellow respectively, were introduced in turn, and the 
coloured light thrown on to the screen. A second source 
of light was provided by an electric lamp suitably placed. 
If a pencil is interposed between the lantern and the 
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coloured screen, the rays are cut off and the area of the 
pencil is illuminated solely by the white light from the 
lamp, and assumes the complementary colour of its sur- 
roundings. The colour-blind is asked to identify the 
colour of the shadow of the interposed pencil. (The 
natural light from both sources contained a great number 
of yellow rays.) 


(6) Rings Contrast 

Stiff paper discs are employed, each disc is divided into 
three parts, an inner area of colour and an outer area of 
the same colour. Interposed between them is a narrower 
ring of black and white which, when rotated, yields a 
sensation of grey. The grey ring assumes, on the colour 
mixer, the complementary colour of its surrounding 
areas. 


(c) Negative After-Images 


The colours red, green, yellow, blue, orange, violet, 
were cut “ W” shape out of Bradley paper. A small 
pencil mark in the centre of the stimulus colour served 
as a point of fixation, and was placed over a corresponding 
pencil mark made on the paper beneath. The time of 
stimulation varied slightly with different subjects. Ata 
given signai the subject fixated the mark and, after 20 
to 30 seconds had elapsed, the stimulus was removed by 


the experimenter and the after-image appeared on the 
white paper beneath. 


(@) Coloured Shadows 


The coloured glasses used were blue, yellow, red, and 
green. They were. presented in irregular order in a series 
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of twelve. The results are shown collected together for 
each subject. The colour of the shadow appears within 
the bracket, and it was this colour the subject was asked 
to name. 


fed Green Blue Yellow 
(Green) (Red) (Yellow) (Blue) 
A Red Red Green Pinkish-Red 
B SBlue-Green FPurple Greenish- Blue 
Yellowlsh-Brown 
C Grey Grey light Brown Blue 
D Green Yellow Yellow Blue 
E Green Red light Brown Blue 
F Red Red Yellowish-Brown dark Red 
G Blue Biue Green Blue 
H Grey dark Grey or Orange dark Blue 
Black 
J Grey Grey Grey Blue 


The subjects have responded to the test in different 
ways. The green shadow was only recognized as such by 
B, D, and E. A failed to recognize the green, and con- 
fused it with red ; C, H, and J failed to discern any colour, 
a grey shadow bemg all that was visible to them. G 
called it blue—this may be because the red is seen as a 
grey, but the blue rays in the shadow-—caused by the 
yellow rays from the source of light—remain. This also 
explains the blue-green of B. 

The response to the red shadow shows slightly different 
results. A and B both recognize the colour, and B dis- 
criminates as before the blue element, which makes him 
describe the sensation as purple. A always seems to 
recognize red better than she does green. The red is 
identified, too, by Eand F. D calls it yellow and G blue. 
The latter cannot be explained as a confusion of red and 
biue, for that is not characteristic of G’s case. It is more 
probable that the same explanation holds as in the 
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response to green, that the red element is not visible in 
the shadow, and only the strong blue rays remain. The 
double shadows, which can be seen simultaneously if the 
pencil approaches the screen, and which appear red and 
green respectively, are both seen as blue by this subject. 
C, H, and J see nothing but grey. This test ‘reveals 
C’s weakness, for he does much worse mn it than he did 
in the wool test. To H the red appears almost black ; his 
shortened spectrum accounts for this. 

Yellow is clearly visible to most subjects, although A, 
Band Geallit green. This, as we have previously shown, 
is a very common confusion. The shadow is seen as brown 
by E, and yellowish-brown by F, which is a favourite 
colour name of the latter. H describes it in terms of fis 
favourite name, orange. J is the only one of the subjects 
who. fails to experience a colour sensation ; and this fact 
—that the yellow appears grey—indicates once more a 
weakened sensitivity. 7 

The blue shadow is more clearly seen by all, although 
two subjects mistake it for red. 

This experiment showed the characteristic defects of 
the examimees and proved quite satisfactory. It points 
to a better discrimination of red than green in the case of 
some of the subjects. J, as before, must be regarded as 
an extreme case, with H a close second coming next— 
although H has a decidedly better colour system than J. 
The other subjects, excepting C and G, in this case, are 
affected by the stimulation of red and green lights, and 
their results seem to show some cognizance of these two 
colours. 


(6} Rings Contrast 
The contrast colour is bracketed as before. It wes this 
colour the subjects were asked to name. 
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Red Green Biva 
(Green) (Pink) (Yellow) 
A Grey Red Brownish 
B SBluish-Green Purple Green 
Cc Grey Grey Green 
D Gry Grey Grey 
E Greenish-Grey Grey Brownish-Grey 
FF Red Red Reddish-Brown 
G Grey Grey Grey 
H dark Grey Blue dark Grey 
J light Grey light Blue medium Grey 


The stimuli as in the shadow experiment gave varied 
Tesults. A once more failed to perceive the green, although 
the red was clearly visible. B, as before, termed the green 
and red, bluish-green and purple respectively. He is the 
only subject who can distinguish the two colours. C 
sees both red and green as grey; D, usually able to dis- 
tinguish colours, is not successful this time, for both appear 
colourless to him. With E, the green only is recognized ; 
with F, the red only. G, H, and J fail to see both colours, 
It is curious that H and J both thought the red colour 
to be blue. 

The yellow was not too distinct a colour, and resembled 
a brown more than a yellow. Some subjects have called 
it brown, some green, one red, and four grey, including the 
last three subjects. 


(c) After-Images 


The colour of the stimuli is given along the top of the 
columns—the after-image in brackets. (See page 146.) 
The blue and yellow after-images are clearly seen by all 
the subjects, if we overlook the fact that F calls the blue 
image blue or red. The after-images of the orange and 
the violet appear distinctly also, even to subject J. It is 
M 
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Yellow Bus Red Gram Orange Violet 
(Blue) (Yellow) (Green) (Red) (Blue-Green) (Yellow) 
A Hlue Yellow White Pink pale Blue Yellow 
B Blue ¥ellow almost White ? Pink Blue- Yellow 
very pale very pale Green 
Green 
Cc Blue Yellow Grey Grey Blue - Yellow 
D Blue Yellow Green Red Blue Yellow 
E light Blue Yellow Grey Grey light Blue Yellow 
F Blneor Yellow White Blue Biue light 
Red Brown 
& pale Bine Yellow White White pale Blue Yellow 
H Blue Yellow Grey Grey Blue Yellow 
J ght Blue Yellow light Greyal- medium verylight Yellow 


most White Grey Blue 


instructive to note that B is the only one who calls the 
after-image blue-green. 

When we consider the red and green aiter-images, a 
different result makes its appearance. Subject B alone 
sees the colours correctly, and he is very doubtful what 
his sensations are, for they are very pale, approaching 
white, In the case of subject A the red stimulus cannot 
give her an after-image of green, but the green makes 
sufficient impression to give her an after-image of red. 
This confirms the previous conclusions that the blindness 
to green is greater than that tored.! C,E, F,G, H, and J 
fail to perceive any sensation. 

This test is instructive when supplementary. Alone it 
is unreliable, for there is no objective control. 


Cf. F. Schumann's report of his own case at the First Congreas for 
tal Psychology, held at Giessen, 1904. Also article by Ferree 
Rand, Joursal of Experimental Psychology, Vol. II, No. 4, 1917. 


CHAPTER V 
TESTS AND RESULTS (concluded) 


g. The Nagel Card Test* 


There are two sets of cards ; 16 marked A, 4 marked B. 
The procedure differs slightly in the two cases. 

In section A the 16 cards are spread out in good day- 
light illumination. The subject stands upright before 
the table, on which lie the cards; he is not allowed to 
pick them up nor examine the cards at close range, but 
is asked to indicate his answers by pointing to the cards 
he selects. Each card contains a circle of variously- 
coloured dots. 

Four questions are asked : 

(x) On which cards are there red or reddish spots? 
(This does not exclude other colours being present also.) 

(2) On which cards are there red spots only ? 

(3} On which cards are there green spots only ? 

(4) On which cards are there grey spots only ? 

In question 1, for example, most colour-blinds select 
cards 6 or 11 or 12, as containing red spots ; they mistake 
the yellowish-green and the brown which these contain 
for red. These errors, Nage) states, are almost complete 
evidence of colour-blindness. The anomalous trichro- 
mates, on the other hand, are usually able to pass this 
test successfully as well as number 2, but they come to 
grief in questiogs 3 and 4. 

In section B, the colouf-blind is asked to designate each 
colour he sees on the cards. This is not intended as a 
test of fine discrimination, but is merely to ascertain if 

1 th Edition. 
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red can be distinguished from green, or if these are con- 
fused with some other colour. A mistake in Br only is 
no criterion of colour-blindness, although it may indicate 
colour anomaly of some kind; the other cards must also 
show deficiency before we diagnose colour-blindness. 


I, Red or Reddish Spots 

Correct 1 2 3 7 §& 16 14 15 18 
A 3 4 7 8 12 15 16 
B ft 234 8 Ir 15 16 
Cc II 
Di it 15 «16 
E 132 83 7 § 10 II I2 14 15 16 
F 123 4 67 9 10 Il I2 13 14 15 16 
G 7] 1s 
H None 
J 6 12 


Section A was found to be a most satisfactory test for 
ali the subjects. 

The results divide the subjects into two groups: (1) 
those who are able to select a number of cards, and (2) 
those who find few or no cards containing the colours 
they are looking for. These two groups divide the sub- 
jects almost equally according to the order in which they 
are arranged ; C is the only exception. 

It will be more satisfactory instead of treating the 
results separately as before, to discuss them in two groups, 
the first group containing subjects A, B, D, E, F; the 
second group, C, G, H, and J. 

Of the first group, A is the only one who omits card 1. 
The four dots on this card are very pale and undecided, 
just the kind of pink which the subject is apt to confuse 
with green, 2, 3, 7, 8, 15 and 16 are selected practically 
by all, the reds on these cards being either numerous or 
very bright. Io and r4seem not to be so easily recognized. 
The dots on Io are mixed with blue or black and are 
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impure, They may be mistaken for black by those of 
shortened spectrum, or be confused with the adjacent 
mole colour. 14 contains two contiguous fairly bright 
reds, a shade darker than those of card 1, but they were 
undiscriminated by A, B and D. 

The cards wrongly inserted were 4, 6, 9, 12, 13 and 
particularly 11. Card 4 consists of green and grey dots 
only. The wrong insertion of card 4 is the mistake of 
A and F, The latter was the only one to insert 6; it 
consists of grey and green as before with yellowish-brown 
in addition, Card 11 has grey, sea-green and yellowish- 
brown dots; 12 contains two very dark purples, which 
are generally mistaken forred. 13, chosen by F, confirmed 
his former choice of 4 and 6, for it is composed of greens 
and greys only. 9, which he includes, is a card of grey 
dots only, 

These subjects all show confusion of reds, greens and 
greys. The test has many advantages, for it requires 
little apparatus and involves little time. It could be 
extended by asking the examinee to point to the red dots, 
and valuable information would be obtained as to the 
nature of the existing defect. 

D was the only subject who made no mistakes, but 
then he only selected three cards out of a possible g, 
which clearly points to defect of some kind. If results 
were based on this part alone of Nagel’s test, he is the only 
one who would require further testing. It is evident, 
however, that some reds can be distinguished, for the 
correct cards cannot all be selected by chance. 

The second group of subjects show entire failure to 
recognize the red cards, and those which they have 
selected are faulty, except in the case of G. H could find 
no suitable cards, for he saw all the pinks on the cards as 
blues, 
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2. Red Spots only 
at 0ti«<C 


3 5 
3 15 
none 
none 
3 rs 
3 15 
Done 
nose 
none 


c 


MMO dtt ooo F 


No subject answered this second question correctly. 
Those who selected the proper card, added a second 
erroneous card, Card 8, selected by A, contained bright 
greens and moles; 9 was all grey, and 15 had some greens. 
lt is curious that F should choose the card as contaiming 
reds spots only which contains nothing but grey spots. 


3. Green only 
Correct 5 
A none 
B none 
© 357 89 1t0 15 
D459 
E 45 13 
F none 
G 1: 2 3 4 § 6 9 10 If I2 13 4 8 16 
H none 
J 7 


This test again is valuable for picking out the colour- 
blinds. Subject G’s result is remarkable: he chooses 
14 cards out of the 16 possible, There is here evidently 
a very big confusion of red and green, for the majority of 
the cards selected have vivid red spots on them. Number 
1§ was previously considered correct in answer to question 
1, Subject C, too, chose quite a few cards. It is note- 
worthy that A and B failed in this part of the test; D 
fared badly also. 
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4. Grey only 
Correct 3 =@ 


I 
none 

none 

3 

7 9 
none 

none 

3 9 

Ail 16 cards 


“Pots eoOW 


J’s result is noteworthy, but very characteristic, All 
16 cards appear to him as shades of grey. This agrees 
with all our previous findings. A omitted card 1 when 
selecting cards containing red spots; it is now selected, 
showing confusion of red with grey. Card 3 has red 
spots only. 

This part of Nagel’s test is most satisfactory, and 
detects all the subjects. 


Section B 

In this section the subjects are asked to name the 
colours on four different cards, containing variously- 
coloured dots, This part does not seem of such intrinsic 
value as the first portion, and appears unnecessary. 


Bt 
Correct: Dark Purple Green Chocofate- Brows 
A Red Brown Brown 
B Red Green Green 
Cc. dark Green Brown Brown 
Db Brown Green dark Grey 
E dark Red Greenish Brown Brown 
F Red Orange Orange 
G Green Green very dark Green 
H dark Brown dark Brown light Brown 
J] Black medium Grey medium Grey 
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These show for all the subjects typical results, such as 
have been obtained from previous tests. C shows con- 
fusion of the purple with green, and does not recognize the 
green. D does not discern the purple; G sees all the 
dots as green, 


Bz 

Correct: Bright Red Chocolats- Brows Dark Brown 
A Red Reddish Brown 
B Red Green Green 
Cc 8 Red Green dark Green 
D Fed Brown dark Grey 
E Red dark Red Brown 
F Brown Red Red 
G Fed Red Red 
H dark Brown light Brown Brown 
J light Grey light Grey | dark Grey 


This card contains the bright reds, which some of the 
subjects can identify. The browns are confused with 
reds and greens, Subject G saw all the spots as red and 
J all of them as grey. 


B3 
Correct ; Dark Grasn Madium Green Grey 
A Green Green Green 
B Green Green Green 
C Green Green Green 
D Green Green Green 
E Green light Green Grey 
F Red Brown Grey or light Red 
G Green Green Green 
H Grey Brown Grey 
J medium Grey medium Grey light Grey 


The results for this card are very similar, and show the 
general confusion of green and grey. 
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B 4 

Corvect: Dark Brown CAocolate- Brows Bright Red 
A Red Red Red 
B Green or Brown Green Red 
C Green light Brown Red 
BD Brown Brown Red 
E Brown Brown Red 
F Brown Green Red 
G Red Green Red 
H Brown Grey Brown 
J . 


Majority Black ; some light Greys 


The bright red spots are recognized by subjects A to 
G. This particular red always seems to be correctly 
identified. A, however, sees all the dots as red. Brown 
is a difficult colour and is confused either with red or 
green. 

This part of the test is not so satisfactory as part A. 
It does not yield additional data to any extent, except to 
show the prevalent confusion. Part A is much more 
instructive and valuable, and reveals immediately the 
presence of any colour anomaly. Undoubtedly, it is 
most reliable as a test for colour-blinds, and its use is to 
be commended. 


10, The Edridge-Green Lantern 

This lantern was devised to detect all dangerous colour- 
blinds, and is the result of much research and practical 
experience, “‘ The lantern contains five discs; three 
carrying seven coloured glasses, one carrying seven! differ- 
ent sized apertures and one obturator, and one carrying 
seven modifying glasses. Each disc has a clear aperture, 
The other mechanical details are :~-An electric lamp 
holder in a parabolic reflector, handles for moving the 
discs, and the indicating ring showing the colour, aperture 

1 The lantern need only contained six apertures. 
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or modifier in use. The discs are numbered 1—5 on side 
plates under handles.’" 

Disc No. I contains the different sized apertures, the 
largest of which was used throughout the experiment. 
The size of the aperture is intended to correspond to the 
distance of the examinee from a 54-inch railway signal 
lamp, or from a 7-inch ship’s lamp. The distance of 20 
feet from the largest aperture (0-75 inch) is equivalent to 
a distance of §0 yards from a railway signal, 40 feet away 
is equivalent to a distance of 100 yards, 80 feet away to 
a distance of 200 yards, and so on. As such distances 
may not be available in actual testing, the aperture 
may be reduced instead—one foot away from the smailest 
aperture equals a distance of 50 yards from the signal, 
2 feet away 100 yards, etc. The lantern, therefore, is 
useful for detecting those cases in which red and green 
can be distinguished near at hand, but not at a distance. 
Such cases are certainly dangerous, and should be rejected 
for practical purposes, 

The distance from the lantern during the tests was 
about 3 feet instead of z20—the reason being that the tests 
were not being applied for practical purposes, but merely 
to aid in an investigation of colour defect. | 

The second, third, and fourth discs contain the coloured 
glasses, In order they are as follows :—({1) clear, (2) 
red A, (3) red B, (4) yellow, (5) green, (6) signal-green, 
(7) blue, (8) purple. The three discs are similar in every 
respect, The colours are brought into view by moving 
one or more of the handles into position until they corres- 
pond with the scale at the top of the lantern. Edridge- 
Green has given a spectroscopic analysis of the light 
transmitted through each glass (vide Colour-Blindness and 
Colour-Perception). Red Ais the signal red which presents 

1 Official description supplied with Lantern, 
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little difficulty to the colour-blind, but which is useful in 
combinations. Red B, a very decided red to the normal 
eye, is often mistaken for green by the colour-blind. Yellow 
is a most useful colour and is frequently misnamed. ' The 
pure green is troublesome, as is the signal-green also. The 
blue appears oi a lavender shade, but, if desired,a purer 
blue is available by combining it with signal-green. The 
purple glass offers special features and aids in diagnosis, 

Disc No. § contains the following modifying glasses :-— 
(x) clear, (2) ground glass, (3) ribbed glass, (4) neutral x, 
(5) neutral 2, (6) neutral 3, (7) neutral 4, (8) neutral 5. 

The colour-blind can distinguish a difference between 
standard red and standard green close at hand in the same 
way that a normal person may be able to distinguish 
between a green and a blue-green, But if only one of 
these were to be shown, and particularly at a distance, 
with poor illumination its recognition would be impessible. 
In testing, therefore, it 1s necessary that the intensity of 
the light should be changed without the subject’s know- 
ledge, and this is achieved by means of the neutral glasses, 
which modify the light so that it appears as it would under 
certain atmospheric conditions. The neutral glasses 
represent fog, the ground glass mist, and the mbbed glass 
rain, The normal-visioned can still distinguish the 
colours, except with the thickest neutral, but the colour- 
blind find the task a very difficult one. 

The ground and ribbed glasses do not alter the colour 
of the light, but scatter it, and they diminish the lumin- 
osity of the whole of the spectrum. “ The neutral giasses 
make the red appear like the green of the colour-blind 
and the green like the red.” 

No. I neutral diminishes the intensity of light. 

No. 2 neutral imparts a faintly greenish light. 

No. 3 neutral imparts an orange tinge. 
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No. 4 neutral imparts a reddish tinge. 

No. 5 imparts a redder tinge. 

The test is based on four principles : 

(x) The colour-blind match colours according to their 
psycho-physical units. They actually judge by colour, 
and their judgments remain constant. The glasses 
employed in the lantern are those particularly liable to 
be confused by the colour-blind. 

(2) The colour-blind name colours in accordance with 
their psycho-physical units and thus show to what class 
they belong. Guessing is improbable. 

(3) Colours may be changed to the colour-blind, while 
remaining unaltered to the normal eye. 

(4} Simultaneous contrast is more marked in the colour- 
blind than in the normal eye. A yellow contrasted with 
red appears green, and a yellow contrasted with green 
appears red—this is particularly characteristic of the 
three unit. 

Tt will be noticed that in this test the candidate is asked 
to name the colours; this is a striking feature of all 
Edridge-Green’s tests. He believes, and rightly too, 
that if an examinee sees a red light, but says to himself, 
“ That’s green,” then he is a source of danger to the 
community. By this test the colour-ignorant is excluded 
as well as the colour-blind : the former can be re-examined 
at some later date if he so desires. 

The candidate is to be rejected : 

(x) If he calls the red green, or the green red, in any 
circumstances, 

(2} If he calls the white light red, or green, or vice versa, 
in any circumstances. 

(3) If he calls the red green, or the white light black, in 
any circumstances. 

Any of these mistakes is sufficient evidence of defective 
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colour-vision ; if other mistakes are made the candidate 
requires a more thorough examination. 

About twenty glasses in all are shown to each candidate, 
so that the test involves little time. It is advisable that 
it be conducted in a darkened room. 

In the experiments conducted with the colour-biinds, 
seventy-six differently-coloured lights and combinations 
of light were tried with each subject, which gave a reliable 
estimate of the validity of the test. The light of the lantern 
was switched off after the subject had identified the 
colour, the handJe readjusted, and then the light switched 
on again. It is important when two lights are being 
combined that the examinee does not see a green, for 
example, before it is altered by means of a modifying. 
glass. This danger is removed when the handles are 
adjusted with the lantern’s light extinguished. The 
experiment was conducted in a darkened rootn, 

Below are given the glasses in the order in which they 
were shown. The subject was asked to name the colour 
visible to him, 


r Red A 19 6Green-+N, 4 
2 Neutral 2 20 Red A+N. ¢ 
3 Blue zi Neutral 4 
4 Purple+N. 4 22 N.1+Red B 
§ Pure Green 23 Signal-Green 
6 Neutral 3 24 Yellow+Pure Green 
7 Blue+Signal-Green 25 Yellow+Pure Green+Purple 
§ Clear 26 Neutral 5 
9 Yellow+PBlue 27 Neutral 1 
Io Ked B 28 Yellow 
ir Ribbed Giass+ Red B ag Red A 
rz Ground Glass 3006 Yellow 
13 Red A+Signal-Green 31 Green 
14 Yellow 32 Yellow 
15 Red B+ Yellow+Signal-Green 33 Red A+N. 4 
r6 Ribbed Glass+Clear 34 Red A 
17 Red A+Purple a5 Red A+N. 4 


18 Purple 36 Yellow-+Ground Glass 
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37 Red B+FPore Green 57 6Yellow 

3% Signal-Green-+N. 5 s8 Pure Green 
39 Yellow-+ Ribbed Glass 59 Yellow 

4c Blue+N. 4 6o 0 6~Red B 

42 Red A+Signal-Green+N. 3 61 Yellow 

42 «-Yellow-++N. 4 62 Green 

43 Red B+ Pure Green+N. 1 63 Red A 

44 Purple+ Yellow 64 Clear 


45 Rect B+ Yellow+ Pure Green 65 Red B 

46 Red B-+Pure Green+N.2z 66 Yellow 

47 Red B-+-Signal-Green+Purple 67 Yellow + Yellow 
48 ‘Yellow+Pure Green+N.4 68 Green 


49 Green + Ground Glass 69 Green-+ Green 

50 Blue-+N. 3 70 6(Green 

51 Pure Green-+N. 4 qi Red B 

5z Blue qz Yellow 

53 Signal-Green+ Blue 73 4Signal-Green 

54 Blue 74 Purple 

55. Purple 75 Blue 

56 Pure Green 76 Purple+ N. 4 
Red: 


To make the results more comparable, the replies 
to red have been collected (including red A and red B, 
and combinations giving red).. Red was shown twenty- 
Seven times in all, 


Recognised Red Confused 

A 20 times Orange, 2; Green, 4; Colourless, 1. 

B 16 ,, Orange, 4; Green, 3; Yellow, 3; White, 1. 

Ot se Green, 7; Grey, 3: Brown, 9; Colourless, 1. 

D224 us Yellow, z; Black, 1; White, 1. 

E 20 ,, Orange, 2; Grey, 1; Brown, 3; White, 1. 

Foo, Brown, 6: Green, 2; Yellow, 2; Grey, 1; White, 1; 
Colourless, 2; Yellowlsh-Red, ¢ 

G 15 Green, 12. 

H ao Orange, 12: Yellow, 4: Black,1; Grey,9; White, 1. 

J oo White, 1; Black, 5; Grey, 20; Colourlesa, 1. 


This Table shows the number of times red was recognized 
by each subject, and the number of confusions made 
with some other colour. H and J show complete failure 
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in discriminating red, but the colours they mistake it 
for are not alike in each case. H saw it mainly as orange 
or yellow ; J, however, could perceive no colour, and all 
the glasses appeared as greys. There exists a common 
confusion of red with green, which is particularly notice- 
able in the case of G. This test gives good results with 
this subject; he customarily tries to minimize his disability 
as far as possible, but the changes in the intensity of the 
light, with the insertion of modifying glasses, defeat his 
purpose. 

If we analyse the responses further, we shall 
see more clearly the effects of the various modifying 
glasses. 

Presented alone, red A was distinguished by A, B, D, 
EandG, C thought it was yellow or green, F yellow, H 
dark yellow, and J a dark grey. Combined with neutral 
4 the colour became changed forCandG. Alone, G called 
it red; shown with N. 4, which modifies the light so that 
it appears as in a thick fog, his judgment was changed to 
green. 

Red B alone was recognized by A, B, C, D, E, and G. 
Combined with neutral 1, it remained unchanged for A, 
D, and G, but altered in colour for the others. For B it 
caused a change from red to yellow, for C, a change to 
light brown, for E a change to orange, and for F a change 
from yellowish-brown to yellowish-red. H and J, as 
before, saw the colours as orange and medium grey 
respectively, and they remained unaffected when com- 
bined with the modifier. Neutral 1 merely diminishes 
the intensity of light, but this was sufficient to cause a 
change of hue in the case of three of the subjects. 

Edridge-Green recommends showing a colour with 
modifying glass, withdrawing the modifier, thus presenting 
the colour alone, and then replacing it. This was done 
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with red A and neutral 4. The results were as 
follows :— 


Red A+N, 4 Red A Red A+N. 4 

A Fed Red Red 

B Red Red or orange Red 

CC Green light Brown Green 

D Ked Red Red 

E Red light Red dark Red 

F Yellowish Red Yellowish Red Red 

G Green Red Green 

H dark Grey dark Yellow dark Grey 

J Black dark Grey dark Grey 


The effect of the neutral glass on subject G is clearly 
marked, for it completely changes the character of the 
light for him. It is interesting to note that the neutral 
glass causes a difference, too, in the case of subject H. 


Green 

The number of times green was correctly named was 
compiled in the same way. The numbers given include 
pure green, signal-green and combinations giving green. 
They will be analysed later. In all, green was presented 
16 times. 


Recognised Groen Confused 

A g times Red, 1; Yellow, 6. 

B §s i, Orange, 3; Yellow, 2; Yellow-Green, :; Red-Green 
t; Black, tr. 

C 2s Red, 1; Yellow, 2; Blue, 1; Brown, 3; White, 1; 
Grey, §; just sees disc 1. 

D 12 , Red, 2; Yellow-Green, 1; Black, 1. 

E to , Brown, 2; Grey, 4. 

F oo, Red, 5; Yellow,2: Yellow-Red, 1; Black, 1; just 
sees disc 7. 

G I3 os Red, t ; Yellow-Red, 2. 

H o ,, QGrange,9; Yellow,2; White,1; Grey, 3; Black, tr. 

Jo, Orange, 1; Grey, 13; Black, 2. 


About half the number of greens shown was recognized 
by the better subjects. F, H, and J failed completely to 
recognize the colour. The green was more apt to be con- 
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fused with orange and yellow than with red except in 
the case of F. It was surprising the number of times it 
was identified with a grey. 

The results of pure and signal-green differed with the 
varying subjects ; they also differed when combined with 
neutral glasses. 


Gress Stgnal-Green = Green-+N.qg 9 Sig.-Gram+N. 5 

A Green almost White Green Green 

B Yellow Green Green Green 

Cc ? White Blue Grey 

D very light Green very light dark Green Nothing 

Green 

E bright Green light Green Grey Brown Grey 

F Yellow pale Red dark Red Nothing 

G Green Blue-Green very dark very dark 
Green Green 

H Yellow White dark Grey dark Grey 

J] very light Grey = very light Grey very dark Grey Black 


The responses to the first two columns show differences 
for the same subject. A, for example, did not recognize 
signal-green, although discriminating pure green, and saw 
it as almost white, This would at once cause rejection 
if she were being tested for practical purposes. The lan- 
tern seems to detect the less severe cases of colour- 
blindness as well as the extreme cases. (C also saw this 
colour as white: F showed confusion of it with red. 
B, although recognizing signal-green, failed to discrimi- 
nate the pure green from yellow. 

The neutral glasses with these colours did not trouble 
subject G as they did with the red, but that is no evidence 
of unreliability, for, if in doubt, he invariably ventured 
green. 

The pure green disc was shown alone, then combined 
with the second green disc, which was afterwards with- 
drawn. 

N 
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Green Greon+-Groen Gren 
A Yellow Green Yellow 
B Green Green Yellow 
C Grey Grey Yellow or Grey 
D dark Green Blase or Green Green 
E Green dark Green light Green 
F Yellowish Brown Yellowish Red Yellowish Brown 
G Green Green Green 
H Ught Grange dark Orange light Orange 
J medium Grey j= medium Grey light Grey 


With some, this change in intensity caused the colour 
to assume a deeper shade; with others, it effected a 
complete change of hue. A was unable to identify the 
green alone, but combined with a second disc, the colour 
became recognizable. B was unaffected by the double 
disc, but by contrast the following single disc was changed 
in colour. The two discs in the case of F were sufficient 
to alter the judgment from a yellowish brown to a yellowish 
red. 

Red A, combined with signal-green, appears a foggy red 
tothe normaleye, This yielded interesting results. ToA 
it appeared colourless; to B a green. C, D, E, and H 
could see nothing; and all that F and J could discern 
were grey and black respectively. G, curiously enough, 
was the only one who named the colour correctly, This 
is a most searching combination of discs, and laid bare 
each subject’s defect. 

Red B, combined with pure green, produces a yellow 
inclming to red. F saw it as a light red, and D as a 
yellowish white. To the other subjects it appeared green, 
except to J, who perceived it as a grey. 

Yellow : 

The yellow disc, of a deep orange colour, is a very useful 
one, and can be used alone or in combinations. It was 
presented 18 times. 


THE EDRIDGE-GREEN LANTERN 163 


Recognised Yallow Confused 

A ro times Orange, 3; Red, 2; Green, 2; Yellow-Green, 1. 

B 3s» Orange, 7; Red, 5; Green, 1; White, 2. 

C 4 Red, 1; Green, 4; Brown, g. 

D 12 White, 1; Brown, 3; Yellow-Red, 1; White-Red, 1, 
E @ Orange, §; Red,2; Green, 2; White, 2; Brown, 7. 
F 6 Red, 2: White,2; Brown, 8. 

G « range, 1; Red, 13; Green, 3. 

H § Orange, 13. 

J o Orange, 4; White, 1: Grey, 13. 


The yellow was not always recognized as such ; although 
its frequent identification with orange may be considered 
permissible. Its constant confusion with red and green 
is more serious, Subject G thought it to be red 13 times, 
and green 3 times, and only recognized it correctly twice. 
C called it brown g times, E 7, and F 8 times, which is 
not a grave error. J gave his usual characteristic result 
for practically every time it appeared to him as grey. 
This confirms our previous findings of a reduced sensitivity 
to yellow. 

If we take the results separately—for the above Table 
by collating results passes over many interesting facts— 
we find varied responses. The yellow disc alone was 
mistaken by B and G for red. Combined with N.4 (which 
changed the colour to red for the normal eye) it remained 
unchanged for B, but appeared green to G. The modify- 
ing glasses, as we have pointed out above, markedly 
affect colours for this subject. A, E, and F called the 
yellow orange ; combined with the neutral glass it became 
green for A, remaining unchanged for the others. C, D, 
and F named it brown; with the modifying glass C saw 
it as a grey, D as red (correct) and F as green. | 

Showing the disc alone and then combining it with a 
second disc of yellow, left the colour unchanged for all 
the examinees except E, who called the double disc red 
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in distinction to his previous designation of the single 
disc aS orange. 

Simultaneous and successive contrast is more marked 
in the colour-blind than in the normal-visioned. This is 
clearly shown by using a yellow, a red, and a green disc. 
To the normal eye, the yellow alters little when contrasted 
with the red or the green. To the colour-blind, however, 
the yellow may appear green when contrasted with a red, 
and red when contrasted with a green. This can be 
demonstrated with the Edridge-Green Lantern, and, as 
already noted,is one of the principles on which the lantern 
is based. Discs were shown in the order, yellow, red A, 
yellow, green, yellow. The only contrast effect with this 
sequence was with G, whe called the yellow disc appearing 
after the red one, green. 

A second set with the discs presented as follows, pure 
green, yellow, pure green, yellow, red B, yellow, green, 
red A, gave better results. 


Green | Yellow | Graan | Yellow | Red B| Faliow | Green | Red A 





A jGreen Yellow /Yellow [Yellow !Orange [Yellow /Yellow |Red 


B |Crange |Red Red- [Orang - |Green |Orange 
Green 
C |Green [light [light flight Red 
Brown | Brown | Brown | Brown | Brown | Brown 
D reen- |Yellow !Green [Yellow Red 
Yellow 
E flight (Orange (Green (OC Red Brown (Green /Red 
Brown 
F | Yellow-| Yeliow-| Yellow-] Yellow-| Yellow-| Yellow-! Yellow-| Yellow 
Brown] Brown| Brown] Brown, Brown) Brown| Brown] Red 
G [Yellow-/Red (Green (Orange reen |Red 
Red 
H (|Orange k kK . dark i . dark 
Orange: Orange] Orange Orange! Orange 
J fight + medium (Orange um| dark 
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The effect of contrast is clear in certain cases ; the yellow 
is called green or it is seen as red. Occasionally the 
yellow affects the green or the red following. Very often 
the green appears yellow when it has been preceded by 
that colour. Note that B describes yellow as red, and the 
green which follows it he designates as reddish green. 
Subject G, as before, has heightened contrast and his yellows 
are changed according to the previous colours. With H 
and J it is interesting to observe that the contrast effect 
takes the form of a difference in shade. 

Yellow and pure green combined appear a yellowish 
green to the normal eye. This was seen as green by A, 
B, D, and E, yellow by C, yellowish brown by F, orange 
by H and J, and red by G. 


Biue : 


The blue disc was presented twice only. It is not a 
pure biue, but appears of a lavender shade. All subjects 
identified it with blue, however, except A, who once called 
it violet, and D, who described it as blue+-red. A pure 
blue is obtained by combining the blue disc with signal- 
green. The subjects experienced no difficulty in recogniz- 
ing the pure colour, although D was doubtful as to whether, 
it was agreen ora blue. This indicates that blue is a clear 
sensation to them, that is one of their best colours. The 
“ three-unit ' of Edridge-Green who see green, red and 
violet, have difficulty with blues, which seems peculiar, 
for repeatedly the colour-blinds are able to recognize this 
colour better than any other. They certainly cannot 
distinguish blue from violet or purple, but this confusion 
stands in a totally different category from the mistakes 
made with reds and greens. 

Blue combined with N.3 or N.4 produces a rose colour. 
This was correctly indicated by five of the subjects. 
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C named it red with N.3, but grey with N.4; G both times 
identified it with green; H and J saw both as greys. 


Purple: 

This disc was shown alone three times and to most 
subjects it appeared a blue. B always qualified his 
answer, and stated it was a different blue from the others. 
This shows he was able to detect some difference between 
it and the bine or violet disc. H and J discerned it quite 
readily as blue, which is so different from J’s usual series 
of greys. FE described it once as blue and red, once as 
purple and red, and once as red with a purple edge. He 
never seemed to see the disc all one colour. D named it 
dark green, blue and red, and dark red respectively. 

Purple combined with N.4 yields a sensation of red. 
It was. correctly named by A, B, D, and G. C saw it as 
brown; E recognized it the first time, but the second 
time he described it as “dark with orange in it.” 
F with difficulty could just discern the disc. To H and 
J it appeared grey. 


Neutrals: 


The neutrals were shown alone as single glasses. There 
are five in all: the colours they gave to the light is shown 
in brackets. 

The light itself was seen as a greenish yellow by A and 
a green by ©. The other subjects all saw it as a white 
light. (See page 167.} 

These columns show the difference that a modifier 
makes to the light of the lantern. N.3, N.4, and N.5 
change the light from red to green for A. With B the light 
remains unaltered and the red effect which is very plain to 
normal vision has no existence forhim. C manifests great 
confusion of green with red, and the neutrals effectively 


THE EDRIDGE-GREEN LANTERN 167 
NVrt N. 2 N. 3 N.¢ N. 5 
(Yellow) (Yellow) (Orange) { Rad) (Red) 
A Yellow almost Green Green Green 
Yellow 

B pale Yellow Yellow Yellow Yellaw Orange 
C Yellow Green Crimson Green light Brown 
DGD Yellow- Red White- Red 

White Yellow-Red 
E light Brown Red Brown Red with 

Yellow 
F Yellow pale Yellow Reddish- Green 
Yellow 


G Red Red Red Red 

H dark Yellow light Yellow dark Yellow Orange 

J medium light Grey dark Grey medium 
Grey Grey 


ure 


change the hght in a most erratic manner. E exhibits 
confusion with Neutrals r and 3. N.4 and N.§ trouble 
subject F, and change the light from red to green, G has 
difficulty with N.1 and N.z, and N.5 causes a complete 
change of judgment. The effect on H is to darken the 
light. J, as before, remains impervious to all changes. 

These results speak well for the value of the neutral 
glasses, and support Edridge-Green’s dictum that they 
““make red appear like the green of the colour-blind, 
and the green like the red.” They make a very effective 
test, and show how greatly atmospheric conditions alter 
the colour of a light to the colour-blind. They seem to 
pick out the weak points immediately, and have clearly 
manifested the fact that all the subjects are “ dangerous "’ 
colour-blinds. As forming part of an excellent practical 
test, they are thoroughly to be relied upon. 


Ground Glass; 


With the ground glass the light appeared white to most 
of the subjects. A, however, described it as “ red, with 
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more yellow init.” For C it changed the light to a green, 
and to G a faint yellow-green was visible. 

G found the ground glass troublesome, and it took him 
always a considerable time to decide on the colours when 
so modified. It did not affect the other subjects so much. 
In front of the yellow glass, it changed the colour for G to 
ted, In front of the green glass, it altered the colour to 
a yellow-red, which he found most difficult to distinguish. 
The only other result was to transform the green glass to 
an orange in B’s case. 

The ground glass does not appear to be effective with 
all colour-blinds, but in some cases it may completely 
alter the colour of the light. 


Ribbed Glass: 

The ribbed glass in front of the light produced no 
change in colour except with subject €. In his 
case it altered the light to green. In front of red B, it 
had no effect on any of the subjects, the red merely 
appearing to them as it did without the modifying glass. 
Combined with the yellow light, it resulted in no change 
of judgment, G called the colour red, but he described 
the light alone as red, so that the ribbed glass produced no 
alteration, This glass, apparently, does not seem to be of 
much utility, at least if these results are reliable, 


Combination of Colours : 

It is very useful in testing to combine colours. Certain 
discs presented together produce black, which is useful 
in cases of shortened spectrum. If a black were never 
shown, a colour-blind would hesitate to call any com- 
bination of discs black. 

Red A -++ Signal-Green + N.3. 

Red B + Pure Green + Purple. 

Yellow + Pure Green + Purple. 
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These three combinations were included in the test at 
irregular intervals, They were all described as black by 
the subjects, 

Yellow + pure green + N.4 is also a valuable combina- 
tion. It appears as a whitish grey. Some colour-blinds 
call it green, others red, and some are just able to see the 
disc. 

Edridge-Green advocates in any examination the 
presentation of a red made from red A and purple, This 
gave informative results. 


Red A+ Purple (Red) 
Red 


Red 

Green 

Red 

dark Red 

See light only 
dark Green 
dark Grey 
Black 


“TOM RO OD 


This is a very useful red to show. It may be confused 
with green, or, in cases of a shortened spectrum, it may 
appear a black, This is the reason why it is advisable to 
combine colours such as we described above, to produce 
sensations of black. 

Yellow in conjunction with purple forms another red 
which is useful for diagnostic purposes. In this test it 
was discriminated by subjects A—-F. G described it 
as green, however, and H and J as a very dark grey. 

Three other combinations are worthy of mention for 
the results they yield. 

Red B -+ Yellow + Signal-~Green = Red (1). 

Red B + Yellow + Pure Green = Red (2). 

Red B + Pure Green + N 3 = Green (3). 
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(x) (2) (3) 
Red Red Gram 

A Red Red Green 

B Green Green Black 

C BrownorGreen Grey Grey 

D Dirty Red light Yellow Red 

E Grey Brown Grey Brown Steel Grey 

F Red Red Red 

G Green dark Green Green 

H dark Grey dark Grey Black 

J] Black very dark Grey Nothing 


It will be seen from the Table above that these three 
combinations are highly instructive. A is the only 
subject who names the colours correctly. The others 
reveal confusion from B downwards, even D showing 
complete inability to discriminate the colours. This is 
an example of the many combinations of discs which can 
be produced by this lantern, and which aid in making it 
so satisfactory a test. 


Aperture 3: 


The above experiments were all carried out usmmg the 
large aperture. Only one or two of the subjects were 
tried with Aperture 3. 

For C it changed red A to yellow, and made all the 
other colours appear white ; even blue was reduced to a 
grey. | 

E merely saw each colour (red A, red B, yellow, green, 
signal-pgreen) as a spot of light. He recognized the blue 
and saw the purple as a darker shade. 

To F red Aremained unaltered : red B appeared orange ; 
yellow and pure green were discriminated, the former 
called brown; thus he retained his former terminology. 
Signal-sreen, however, was seen as a dark grey, which is 
a significant mistake. 

The lantern test as a whole is most comprehensive, 
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and proved very reliable. The subjects tested by it are 
all diagnosed as “ dangerous ’’ colour-blinds. It has the 
advantage that the results obtained from one lantern are 
constant and therefore comparable with one another, The 
colours used are precisely those which are most confused 
by the colour-blinds. The lantern is easy to work, and 
so many combinations can be made and the order of testing 
can be changed so frequently, that no coaching will enable 
a colour-blind to elude detection. This avoids the 
criticism urged against so many otherwise excellent tests. 
For practical purposes it has the great advantage that the 
effect of atmospheric conditions on colours is tested, and 
we have seen how misleading that effect can be when it 
is a question of colour-blindness, 

Undoubtedly, this test is one of the best which has yet 
been evolved, It is based on the actual sensations which 
the colour-blind experience, and the recognition of colours, 
which is to so great an extent the basis of the method of 
testing, is, in itself, of supreme importance. The test 
combines the advantages of showing “‘ confusion ”’ colours 
with the naming of colours, and avoids all the defects 
which usually make tests involving nomenclature so un- 
reliable and untrustworthy. It is a test to be highly 
commended. 


rt. Painting Test 


(a) Coloured Diagrams 

For this test I am indebted to Professor Roaf, of Cardiff, 
who has kindly allowed me to make use of this test here. 
He is working out a test on a new principle, and subjects 
the paintings to a spectral analysis. The paintings con- 
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sist of squares divided geometrically into 25 parts, each 
differently coloured, with the colours m some cases 
repeated twice. A special box of paints containing 15 
pigments is used throughout—no mixing of paints is 
necessary, and the examinee is allowed to try the paimts 
on 2 spare piece of paper first. 

Professor Roaf’s scheme is not so much a test for 
colour-blindness as a new attempt to analyse cases, to 
find out by a simple method what part of the spectrum is 
defective. 

The pigments being impure reflect a fairly wide region 
of the spectrum. If an individual fails to appreciate one 
part of the spectrum as different from another part he 
may do one of three things. He may match colours 
correctly either by accident, or by shade, or some other 
means. He may add the colour which he does not 
recognize or he may subtract that colour. If he fails to 
recognize red he may add red to green, thus putting a 
yellow, grey, or some such colour to match green. He 
may subtract red from grey or yellow, putting green as a 
match for the neutral colours, or match blue and purple. 
If the mistakes ai] occur in one region of the spectrum, 
the colour-blind’s copy and the original can be matched 
by examining them in light deficient in the rays in which 
the colour-blind differs from the normal, 

The paintings are examined through colour screens and 
in the recombined spectrum after certain parts of the 
spectrum have been cut out. Colour screens are used 
and different regions of the spectrum are cut out, until 
the abnorma! painting matches the original. This is 
possible, exclusive of slight differences of shade. When 
the minimum amount of reduction possible to give an 


tSee Jowrnal of Physiology, vol. LVII; Quarterly Journal 
Keperinbntal Phesiety noe, ae and 3. tones Articlea by Protonace 
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absolute match is made, the region of the spectrum 
defective for that individual can be ascertained. 

The paintings determine, therefore, the wave-length 
of light that the individual colour-blind person fails to 
recognize as different in a particular region of the 
spectrum. 

The paintings done by three of the subjects tested 
are appended. (See Figure VII.)! They are not given 
in their original colours, but have been redrawn in black 
and white, They lose considerably in the transference, 
and the results of all the subjects have not been included. 
A description, however, of the paintings of all the subjects 
tested throws light upon the diagram from a psychological 
point of view. 

Apart from the spectral analysis which the paintings 
reveal, they are interesting also for themselves alone, and 
the errors committed by the colour-blind are iJluminative 
of their defect. 

A, Started with blues, then yellows, The painting 
exhibits the customary confusion of blues with violets ; the 
pale lavender is mistaken for pale blue. The pale green 
is painted pale lavender at one time, but pale blue takes 
its place at another time. The red is correctly matched as 
is also the magenta, but much hesitation is displayed in 
the greens, The jade green appears a grey, which the 
subject thought was a blue-green. {This is the subject's 
neutral band.) The two browns cause trouble; they are 
both represented by vivid green. The orange is not 
distinguished from light brown. 

B. Started, as in the case above, with blues and yellows. 
His efforts show confusion of blues and purples. He found 
the test difficult, but matched the colours with wonderful 


1 ‘These are from coples, the originals of which are in the possession 
of Profesor Roaf. 
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accuracy; and produced a fair copy of the original. 
For pale green, he tried dark green, magenta, pale green, 
then gave it up, but ultimately returned to pale green. 
The pale pink is represented by grey on both occasions. 
The green is correctly matched, but the grey is represented 
by a vivid green. The red and magenta are correctly 
matched. 

C. Found the test very difficult. His reproduction of 
the pigments is remarkable for the pale shades he used. 
Probably the pale colours are a sign of additional con- 
fusion, and Professor Roaf concurs in this opinion. This 
effort displays poor colour-perception, for yellow is prac- 
tically the only colour properly matched. The blue and 
purple on the outside of the diagram are correct, but in 
the centre the purple (dark and pale) is mistaken for blue. 
The reds are not recognized, but are matched with orange, 
probably thought to be brown. This is the form of con- 
fusion which red generally takes with this subject. On 
the magenta triangle, he tried pink first of all, then washed 
it ouf, tried green, and finally brown. Pink is represented 
by grey at one time, and by very pale green at another. 
The greens are differently matched ; the bright or grass 
green is replaced by pink, the pale greens by pale pink. 
The jade green is matched with grey and vice versa, The 
pale shades, such as the lavenders and very pale blues, 
do not seem to have been recognized at all, and must have 
appeared colourless to the subject. The browns, too,. 
are not discriminated from the burnt sienna. This whole 
painting reveals faulty matching, and points to the defect 
being of a grave nature. This confirms all the results 
obtained from this subject except those from the colour 
equations. 

E. E began with yellows, and found most difficulty 
with the pale colours, grey, green, and pink. The diagram 
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is very correctly matched, and only the following errors 
are made; blue and violet, pale green and pale blue. 

F, Experienced great difficulty in selecting the colours 
to match. This reproduction contains a large number of 
confusions. The yellow is the only colour which is painted 
correctly. The blues and violets are interchanged. The 
lavenders are represented by a pale blue in one case, and 2 
pale green im the other. The reds and magentas show a 
curious mixture. The red is represented correctly at 
one time, but is matched with magenta elsewhere. The 
magenta, however, is not distinguished from blue. This 
corresponds with the confusion-skeins chosen in matching 
the magenta skein in the Holmgren wool test. The pale 
pinks are mistaken for greys. The greens are variously 
represented. Grass green is shown by a fawn colour, jade 
green by magenta. Between this latter and the red no 
distinction is made, but they are both painted indiscrimin- 
ately the same colour ; plainly, they must have appeared 
similar in hue to the subject. The pale greens are matched 
with pale pinks, The browns, too, show confusion, in one 
place with green, in another with orange. One part of 
the diagram appeared unpainted to the subject. 

G. This subject, as indicated before, is a difficult one to 
test, as he is always endeavouring te cover his defect, 
and employs as many artifices as he can devise. The 
painting test was no exception. He tried out a great 
number of colours to begin with on the spare paper, and 
decided there were not enough colours in the bex. The 
blues were too blue or not blue enough. (N.B.—The 
confusion between the blues and the purples—he saw no 
difference in the two adjoining colours on the outside of 
the diagram, but painted them all a uniform purple.} He 
held the spare paper close to the coloured diagram, each 
time trying different colours, until he found one which 


PAINTING TEST 197 


gave a satisfactory match ; it was not till then that he 
painted in the colour on the allotted space. 

The greens he left to the end, simply because he could 
not match them—he ultimately painted them correctly 
but by the merest chance, For magenta he resorted to 
trying out al] the colours still dry! His diagram is 
wonderfully accurate, the only confusion being lavender 
with green and pink with grey. 

This painting is a good example of the resources of an 
educated subject aware of his defect. 

H. H took 1} hours to paint his diagram, a much longer 
time than any of the others. He found the colours very 
difficult to match and, like G, tried a large number of them 
before deciding on the correct one. With pink, for 
example, he had no idea what colour it was, nor with what 
colour he was matching it, and he went entirely by shade. 
A slight difference in shade was a big factor in the ultimate 
decision, so that dilution of the pigment played a large 
part in the matches made. This is evident in the fact 
that the same colour is sometimes differently matched. 

it will be noticed that the magentas are correctly 
represented. The reds, however, show confusion, and in 
one case red is matched with brown. The jade green 1s 
accurately painted, but the same green is used as a match 
for brown, showing that the former correct match is 
probably accidental, The grass green is mistaken for 
light brown. 

The pale colours reveal perplexity. Pink is matched 
correctly in one case, but is confused im another case 
with grey. Lavender and pale greens are interchanged. 
Blues and purples are not distinguished, and the orange 
is not differentiated from the burnt sienna, 

J. Started with yellows and blues. He matched the 
jade green by mere accident, for on questioning the subject 
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after he had completed the painting, it was found that 
pink also was considered a good match. He chose 
colours by their brightness value only. Red, which is in 
the right place, he thought was black. Magenta was the 
most difficult of all; he saw it as an impure black, which 
he matched correctly by the chance device of going over 
all the colours in the paint-box until he found one of the 
same shade. 

It was very noticeable with this subject that when he 
started to fill in part of the diagram and went back to 
the box for more paint, he often forgot what colour he 
had been using, and sometimes had to begin all over again. 

The diagram itself shows confusion of blue with purple ; 
red with brown ; pink with lavender. The grass green is 
matched with orange, and the jade green with a pale 
shade of the grass green. 

These paintings give typical results and show the con- 
fusions which exist with colour-blinds. From the observa- 
tions made during the painting, one fact stands out clearly, 
that shade is a potent factor. A difference in shade 
which means no alteration of colour for normal vision, 
effects a change in hue for the colour-blind. It is note- 
worthy, too, that yellow and blue were the first colours to 
be matched by the majority of the subjects. 

Professor Roaf, who submitted the original drawings 
to a spectral analysis, very kindly sent me the results he 
obtained. 

The results show what wave-lengths must be excluded 
from the spectrum of an arc lamp in order that the copy 
and the original may match. There are three Tables :—- 

(1) Of progressive cutting off of the red end of the 
spectrum. 

{z) Of viewing the diagrams in a limited region of the 
spectrum, 
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{3) Of cutting out a band in the spectrum. 

-- means that the diagram matches the original. 

~- means that it does not match. 

? means that it almost matches, but that there 
may exist a difierence in colour that would be recognized 
by an independent observer. 

o means that no observation was made. 

The results are appended without comment. 
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6629 6552 6353 5346 Gzo2 G1z8 Gooz 5926 5827 5625 5222 4973 


Boe oo —-$ oo ®° — = ? r ? tf + 
Cc oO oa o oO o o — o — o Qo o 
—=E —_ — + + + + ts] o a oO o o 
F o oo — oOo o — —_ fF — ? 
GC —_— = F + ~~ + o o a °@ 
BH oa So -— os oo — + o o 
5 o os — oo os — —- ft + os 
Table z 
6346-5827 6033-5625 5096-4844 4945-4733 4733-4155 

A — ? +- — + 

B + + + + + 

C o o a a o 

E + + + + + 

F ae ? ? _ + 

G f + f- + + 

H — ? ? — |. 

J o- — — — + 

Table 3 


6779- 6779- 6678— 6678- 6678- 6678- 6678- 6678-— 6678- 
5827 4953 6377 6346 G2oz Gooz 5852 5726 5648 
? 


Se lO bd 
Pi+l ead 
llelol|} 
oo ]olod. 
9o+o0+9000 
PI+]} +111 
Ppt i 5 
jretl+i~! 
[~t+]i +f ~| 
wvtwttw 


180 TESTS AND RESULTS—concluded 


Table 3 

(continwed) 

6527-4872 6527-4893 6580-6101 5402-5775 5429-5978 6377-4544 
o 


o 
o 


Smo OD > 
lJ 1li[+eo~] 
oo fef]eoocono 
oO wow OO 
eo OoweOwO OO 
9 Ono woo 


(contieiced) 
6353-6202 6353-5978 6353-5799 6127-5954 6328-4795 


“rh Pd BS Ob > 
oo] "| aoo 
oo] %faoo 
co] e¢f[acas 
Ply] di leotl 
Il T Ere 


Professor Roaf finds that his subjects can be divided 
into three groups: (a) when the red end of the spectrum 
is cut off up to A 6200. These show only one mistake, the 
confusion of blue with purple. This is explained by a 
shortening of the spectrum, i.e, an absolute lack of 
stimulation by a portion of the extreme red end of the 
spectrum, The conclusion is that such subjects “ seem 
to recognize some differential effect of the spectrum 
between 5800 and the extreme red end of the spectrum, 
but they do not have as great a discrimination for red as 
a normal person.”’} 

(b) The second group matches when the spectrum is 
cut off as far as y 5800. In this group other confusions 
are made in addition to blue and purple; for example, 


1 Loc, cf., p. 195. 
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green and grey. The diagrams cannot be matched if the 
least trace of the red end of the spectrum is present. 

(c) The third group requires the spectrum to be cut off 
to about » 4800, leaving only the violet end of the spectrum 
in which to view the colours. In this class the diagrams 
show confusion of red and green. They will not match 
if any of the red end of the spectrum is present, nor if 
any of the green region is in the recombined light. They 
match when the spectrum is cut off to’ 4800. They show 
one peculiarity not shown by the other two groups. If 
they are examined in light from a narrow region of the 
spectrum, so that a monochromatic effect is produced, 
they will match in light from the yellow region from about 
A 5500 to A 6000, depending on the width of the band 
used.? 

These results have led Professor Roaf to a hypothesis 
which was first formulated by Schultze in 1866.* To 
quote from the same article, Roaf states that “‘ In studying 
the coloured giobules in the retina of birds he (Schultze) 
pointed out that any light reaching the cones must be 
filtered through the corresponding globules, hence any 
light that is perceived must be that which can pass through 
the globules in front of the cone, In other words, the 
colour perception by a cone depends upon the filter placed 
in front of it, and the photo-chemical processes by which 
the nerve impulse is produced may be the same in all 
cones. This colour-filter hypothesis, which is comparable 
to the result produced by a Lumiére or Paget plate nega- 
tive, can explain most if not all the phenomena of colour 
vision. 

“This aspect of the subject is being investi- 
gated. ‘For instance, in @ preliminary examination of 


t Loe. cit, p. 1356. 
§ Ack. f. mide. Anal,, 1, 1866, p. 253. 
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the retina of a hen it was found that the red globules cut 
off daylight to about A 5800, whilst the yellow globules 
cut off the spectrum to about A 5000." 

Professor Roaf concludes: “ It is premature to discuss 
this subject in detail, but I hope to pursue the investigation 
and test its application to colour-vision in man,’”* 


(b) Coloured Picture 


The copying of coloured pictures by colour-blinds forms 
a most instructive test. The painting (original and copy) 
shown in the frontispiece is one executed by subject J, 
and is submitted as a point of further interest. A number 
of such paintings would make an intensely fascinating 
collection. The original painting was placed before the 
subject, along with an outline of the object shown, and he 
was, instructed to copy the colours of the original. Only 
six pigments were given, red, green, blue, yellow, pink, 
and brown. Although the limited number of the colours 
may seem to suggest less confusion, and perhaps offer a 
hittle guidance to the colour-blind, such does not seem to 
have been the result. With all the subjects tested, the 
characteristic confusions made themselves evident, 

The reproduction in the frontispiece is a typical example 
of J's work along these lines. His paintings exhibit a 
general but regular confusion. Red and green are inter- 
changed promiscuously ; yellow is confused with green, 
and pink with blue. It will be noticed that, in the 
picture, the blue sky is represented by pink, and the green 
sea by brown, The red splash at the side is an interesting 
feature, The red was judged to be too dark to represent 
the beach—so green was substituted, as it was of a lighter 
shade of the same colour, and in consequence gave a more 
satisfactory match with the original. 

1 Loc. eff., p. 198. 
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12. Colour Preference 


A test of colour preference was carried out by the 
subjects themselves by the method of paired comparison, 
and I was able to obtain the results for some of them. 
The colours were six in number, magenta, red, blue, green, 
yellow, and violet ; and they were presented in pairs— 
the subject each time indicating the colour preferred. 
There were thirty pairs in all, which were arranged in 
chance order, involving thirty judgments, The experi- 
ment was 80 arranged that fatigue would be avoided, ten 
judgments only being made at one stretch; the colours 
arranged by the experimenter were kept hidden until a 
given signal by means of a cover sheet. The same area 
of colour was shown in each case, the two colours being 
slipped into a specially devised apparatus somewhat 
resembling a double photograph frame. The whole 
experiment was regulated by means of a metronome. 


Magenta Rad Biue Green Yellow Fiolet 
A 4 2 10 o 9 5 
B 6 4 to 3 o 7 
D I 3 9 I 6 5 
H 2 2 13 a § 5 


B thought the magenta was purple, and the violet blue. 
H thought likewise, but he also considered the red to be 
brown and the green grey. 

In all four cases, green is more or less disliked, and is 
only chosen four times out of a possible 120—red also 
in the case of A, B, and H. 

Blue and violet combined give the following results :—~ 


A chose them 15 times 
By oe IF w 
D af if r4 an 
BH au 1 ra i | 
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and together they form half the choice. The violet in 


many cases was thought to be blue. 
A — 24 times out of 30 
EB 17 » » go 
Blue + Violet + Yellow D— 2, . 30 
H — a4 ow ri 30 


This seems to point to the fact that the easily dis- 
tinguished colours are the favourite ones, and those 
difficult to see are generally disliked. 

It will be advisable to follow Professor Hayes’ plan 
and gather together on a single page the results of all the 
experiments ; that is in so far as red or green was able 
to be distinguished. Red indicates that red was recognized 
with fair frequency in the test, Green that green was recog- 
nized. “Confusion ’’ indicates that the typical colour-blind 
confusions took place. It can be clearly seen from the 
evidence that the subjects are not all limiting cases, and 
that red and green can be seen by some red-green colour- 


ee 
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The number of times red and green can be distinguished 
relative to the number of confusions, gives a fair 
indication of the degree of the defect. H and J failed 
completely in every test, and may be regarded as 
The Tests 


All the tests used yielded satisfactory results. The most 
unsatisfactory are what may be termed the subjective 
tests, those tests over which no objective control is 
possible. The most marked are the after-images and the 
contrast experiments. In the former, it is difficult to 
regulate the time of percetving the stimulus, for it was 
found sometimes that an after-image made its appearance 
with prolonged fixation where no image had been pre- 
viously reported. The rings contrast, too, are unreliable. 
The coloured shadow is a better test, but varies with 
different experimenters unless an analysis of the source 
of light is possible. Colour equations, though trustworthy 
with reliable subjects, are not altogether satisfactory, for 
the experimenter is entirely dependent on the subjects 
and has no controi over the final equation. 

Tests involving comparison seem preferable, in which the 
examinee is asked to do something himself. Holmgren’s 
Wool Test in its original or in a modified form holds the 
field here. Aithough discredited from time to time, 
chiefly becanse of its implication of the Young-Helmholtz 
theory, it has remained one of the best simple modes of 
testing. The improvements have taken two forms: 
(1) either the number of confusion colours has been 
reduced, or (2) the test skeins have been altered. The 
principle of the test, however, has remained unchanged. 
The Bradley Paper Test is devised somewhat along the 
same lines, but in addition it has the advantage that it 
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gives a fairly reliable spectral analysis where more exact 
methods are not available. 

Stilling’s Tables and the Nagel Card Test also deserve 
commendation, for they have both been found to be 
excellent for testing purposes. They are useful for detect- 
ing the presence of an abnormality, but for diagnosis they 
Tequire supplementing. Part B of Nagel’s test does not 
seem to be of much service, and could be dispensed with. 
Part A forms an admirable test. 

The Edridge-Green Jantern is a test in a category by 
itself. It proved to be a most efficient one in every way. 
It has been devised after a long period spent in practical 
work with the colour-blinds, and is based on a thorough 
knowledge of their characteristics, For practical purposes 
it should prove of the very highest value. It combines 
the recognition of colours with the naming of them, which 
was found to be of great utility throughout the experi- 
ments. The modifying glasses are well adapted for the 
purposes intended, and proved most satisiactory. The 
test has the advantage that a short examination with it 
is sufficient to reveal the defect. Further, it seems 
impossible to coach a colour-blind to pass such a test, 
so many combinations of glasses are possible. 


CHAPTER VI 
A BRIEF DIAGNOSIS OF THE INDIVIDUAL CASES 


ALTHOUGH the cases of colour-blindness which were 
tested have been discussed in connection with the tests, 
the discussion has been hampered by the massing of 
results. It will be instructive, therefore, to collect the 
data for each colour-blind, and give a brief diagnosis of 
each individual case as revealed by the tests. | 


Subject A: 


A is a typical colour-blind. From different tests it 
has been gathered that she has a neutral band in the 
blue-green region of the spectrum. From Stiliing’s Tables 
it would appear that she has a shortened spectrum at the 
red end, for she is unable to read Table 3. This was 
confirmed by her confusion of blue with pink. She does 
not, however, mistake red ior black. The subject can 
distinguish highly saturated greens and reds, but has 
always experienced great difficulty with pale colours ; 
yellows, fawns, pale pinks, and pale greens, are constantly 
confused. The subject has always been aware of her 
difficulty in this respect. In the wool test, we saw that 
the matches to the vivid green and the vivid red were 
excellent : it was only when the paler colours were reached 
that the confusion began to make its appearance. On 
being asked to divide out all the skeins into bundles, 
she placed together blues and violets; greens, yellows 
and fawns; greens, moles and greys; greens and 
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browns: light greens and yellows; pale green and 
pink. She distinguished the reds, however, from the 
blue-reds, 

All through the tests, it has been confirmed again and 
again that certain reds are visible to her. How otherwise 
can we explain the result that in the Nagel card test, in the 
Edridge-Green lantern, in the wool test, and in others, 
red can be distinguished? In the colour naming, 
too, the bright red dots in Stilling’s Tables are clearly 
recognized, 

It would seem, however, that red is much better recog- 
nized than green, and that the blindness to green is the 
greater. The green when it inclines to a blue-green is 
seen as a grey, but otherwise there is a constant confusion 
with yellow. Apparently Dr Ladd-Franklin's description 
would just fit the case, namely, that “red vision had 
‘ fallen out ’ and green vision had been turned into yellow 
vision,” were it possible for the red vision not to have 
“fallen out ” entirely. . 

A, of course, does not always recognize red, for she 
sometimes calls it green, as we saw with the Edridge-Green 
lantern. And signal-pgreen appeared to her almost white. 
In after-images the red stimulus gave a white after-image, 
but the green stimulus gave ared after-image. In coloured 
shadows the red shadow was correctly named, but the 
green shadow was mistaken for red, and the yellow one 
was called green. In the rings contrast, the red contrast 
colour was seen, but the green one only appeared grey. 
Tn the coloured diagram, the reds were correctly matched, 
but the greens were matched with greys, lavenders and 
blues, while greens were confused with browns. In 
the Bradley Paper Test it was always the greens 
and greys that showed confusion. In colour-mixing 
the blue-green was matched with a grey, and the green 
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with a yellow, but the red had to be considerably diluted 
before it could be matched with a grey. These results 
cannot all be accidental, but the curious fact is, that if 
Stilling’s Tables are correct then her sensibility to red 
should be weakened, as the red end of the spectrum is 
shortened. The only confirmation of this is the confusion 
of blue with pink. But the results taken as a whole would 
indicate that the shortening cannot be extensive, as we 
failed to find any other evidence of it. 

Our final finding 1s that the subject is a red-green colour- 
blind. She is not entirely red-green colour-blind, for we do 
not find that she is entirely unable to see these colours. She 
makes the typical mistakes of the colour-blind, but under 
favourable circumstances, if the colour be of a certain hue, 
red and green can both be distinguished. The blindness to 
red, moreover, is less severe than the blindness to green, 
for the former colour is better identified. 


Subject B: 


This subject presents a somewhat similar case, and his 
chief difficulty lies with the pale colours. Since being 
tested, he has discovered that his brother suffers from a 
like defect, and makes the same kind of mistakes as the 
subject does. 

B is a red-green colour-blind with normal length of 
spectrum, and a neutral band in the blue-green. He is 
an extremely careful subject, and matched the skeins in 
the wool test with great care and, to outward appearance, 
with great difficulty. He confuses greens, fawns and 
yellows, and pale greens with pale pinks. Very often in 
choosing skeims he lifts one up, lays it side by side with the 
test skein, and after long deliberation accepts or rejects 
it. He spontaneously gives his opinion of the confusion 
skein, saying whether lighter or darker. The magenta 
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skein he matched with all shades of blue and violet, which 
clearly showed a deficiency in red. He can frequently 
detect differences in colours, such as violet and blue, or 
even, magenta and crimson; for it is impossible to get 
these equated on a colour-mixer. He is one of those who 
require the addition of a third disc of blue in equating red 
and green equal to grey. In matching blue-green with 
grey, his final equation does not give him entire 
satisfaction. | 

He seems to be more sensitive to red than A, for he 
recognizes the red in the coloured shadow, in the rings 
contrast, and in the after-images ; although he expresses 
doubt in the last case. In the Nagel card test, however, 
he includes card II, with the reddish spots, showing a 
confusion of red with brown, and, further, he includes 
card 15--which only contains feo red spois—in the reds 
only. He found this test one of great difficulty, but it 
is noteworthy that whenever a particular bight shade of 
red appeared, it was invariably identified, 

The subject has greater difficulty with greens, and they 
are often confused with yellow. The shades of grey, 
however, in the Bradley papers, were all thought to be 
shades of green. | 

This subject yields a similar diagnosis to A's, Heisa 
red-green colour-blind with, however, a normal length of 
spectrum and a small neutral band in the blue-green. 
He is not totally blind to red and green, for they can be 
seen if conditions are favourable. 


Subject C : | 

This is a most curious case of colour-blindness, and it 
may be instructive to examine the results obtained from 
him with a little more detail than in the preceding 
cases. 
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In Stilling’s Tables, the first Table reads: 


56 27 89 43 
the subject read ; 
86 28 &9 48 
Similarly in Table 2 we find : 
39 42 86 75 
the subject read : 
88 48 88 75 


These give evidence of colour weakness only, and at 
first the case was considered as showing, not blindness to 
colours, but a slight colour anomaly. The subject reads 
Table 3 correctly, but Tabjes 4, 5, 6, 7, 8, and Zo are 
beyond him. 

In naming the colours of the spots on the Tables, it was 
found that a curious confusion existed mm the subject’s 
mind, Red and green were constantly mistaken, and the 
usual confusions of the colour-blind made their appearance. 
For example, in the first Table, which contains red figures 
on a green background, he described them as brown and 
dark green figures on a brown and a yellow background ; 
and if we trace his results all through the Tables we find 
the same confusion existing. 

With Holmgren’s wools he makes many mistakes, 
and finds the test a difficult one, for he is not at all sure of 
the colours of the skeins. Brown he matches with a very 
dark crimson and an emerald green, and throughout he 
makes the characteristic mistakes of the colour-blind. 
Here, again, his nomenclature is very faulty: test 
skein I he declares to be red, or yellow, or brown ; brown 
he calls very dark green ; pink he names green ; rose-pink 
he describes as green with red about it ; violets and purples 
he cajls blue; orange is thought to be yellow; and he 
?P 
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often employs the term reddish-green. Red and green, 
too, are frequentiy confused. 

Therefore it is all the more extraordinary to find that 
he can match colours with surprising accuracy on the 
colour wheel, and in the majority of cases he can obtain 
a normal equation. His naming of the colours while 
matching them shows much confusion, and yet his ultimate 
result is good. The equation, green and red and blue 
prey, is almost identical with the normal equation. 
Attempts failed to match blue and violet, green and grey, 
red and grey, green and yellow ; in fact, no match could 
be obtained which would not be accepted by the normal 
eye. The matches in colour-mixings seem, therefore, 
to indicate perfect colour-vision, whereas atrocious nomen- 
clature and mistakes in selecting wools seem to indicate 
red-green colour-blindness. 

The other experiments emphasize the defect, and point 
to the subject being colour-blind. The Bradley Papers 
indicate weakness in the blue-green regions of the spectrum 
and a corresponding defect in the extra-spectral purples. 
The greys appear to him green. In the coloured shadows 
he sees both the red and green shadows as grey; in the 
rings contrast, grey again is seen where red and green are 
clearly visible to the normal eye, The after-images like- 
wise reveal a similar defect. The Nagel Card Test 
points to the defect being 2 grave one. No red dots at 
all are visible to him, and seven cards are said to contain 
green only, whereas but one of these is correct. The 
Edridge-Green Lantern confirms these results, and shows 
a hopeless confusion of colours. If the subject had been 
the correct distance away from the lantern, this result 
would have been greatly emphasized. In fact, the reduc- 
tion of the aperture to No. 3 reduced most of the colours 
to a spot of light. 
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The evidence from these experiments, and the fact that 
he accepted the normal Rayleigh equation, place him 
among the colour-blinds. 

Coiour equations and Stilling’s Tables are the only 
two tests which credit him with good colour-vision. The 
other tests all poimt to the defect as one of red-green 
colour-blindness, with a normal length of spectrum, and 
a neutral band in the blue-greens. It seems possible, 
therefore, for a colour-blind to avoid detection if Stilling's 
Tables are used alone.* 


Subject D; 


This subject is a “dangerous” colour-blind. He 
presents a somewhat similar case to that of C. He can 
partially pass Stilling’s Tables, but his nomenclature 
shows considerable confusion. Pale biue he calls brown or 
green; pale pink, he sees as grey or yellow; violet he 
calls blue ; and in selecting the wools, much confusion is 
exhibited, and the usual mistakes of the red-green colour- 
blind are made. When tested with colour-mixing, how- 
ever, his results show great improvement. With the 
complementary red and green, he requires the addition 
of a third colour before he is satisfied. It is impossible 
to get equations from him such as were obtained from some 
of the other colour-blinds. In the coloured shadows 
experiment, the green shadow is recognized, but the red 
shadow is seen as yellow. In the rings contrast, the red and 
green are seen as grey, but in the after-images both the red 
and the green images can be distinguished. In the Nagel 
Card Test, he can only pick out three cards containing 
red spots, out of a possible ten. He can see none con- 
taining red spots only ; and he makes mistakes in picking 


1 Edridge-Green, in discussing colour-blindness, states; “ Many 
colour-blinds match correctly, but name the principal colours wrongly.” 
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out the green and grey cards. With the Edridge-Green 
Lantern he mistakes the purple disc for green; a dull 
foggy red is invisible to him; green combined with 
neutral §, which to the normal eye appears red, is seen as 
fR preen. 

He is certainly colour-defective, but his acceptance of 
the norma] Rayleigh equation prevents his inclusion in 
the class of “ anomalous trichromates.” He must be 
classed as a red-green colour-blind. His Rayleigh equation 
is: 200 red + 160 green = 38 yellow + 57 white + 265 
black. Compare this with his equation of red and green 
= prey: 118°5 red + 204°5 green + 37 blue = 264 black 
++ 96 white. The former shows an excess of red beyond 
the normal]; the latter, an excess of green. 

There is no doubt, however, that, under certain condi- 
tions, red and green may be visible to him (but they are 
not always recognized as such). He seems a mild case of 
colour-blindness, milder even than A or B. 


Subject E : 

This subject from cumulative evidence appears to have 
a large neutral. band embracing the greens and the blue- 
greens. In the Stilling’s test he is unable to read Tables 
I and 2, but reads Table 3, which suggests that he has a 
spectrum of normal length. From the spectral diagnosis 
and the Bradley Papers, it seems probable, however, that 
the spectrum is a little shortened at the red end, and it is 
interesting to note that this conclusion is confirmed by 
Professor Roaf’s spectral diagnosis of his painting. 

In matching the wools he does the vivid red and the 
vivid green correctly, although in making the latter match 
he was seen to examine and reject a pink. The medium 
greens and pinks show the typical colour-blind confusion 
with one another and with yellows and browns. The 
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medium pink appears almost a white to the subject, and 
to obtain suitable matches is a task of extreme difficulty. 
The magenta skein is matched with bluish pinks, blues and 
violets. 

His nomenclature shows the typical confusion. For 
example, in the first of Stilling's Tables, he describes the 
red figures on the green background as violet on grey. 
The second Table, which reverses the same colours, is 
described as green. on grey. He shows a further confusion 
of red with brown, and green with fawn and mole. Naming 
the wools gives like results ; orange is mistaken for yellow, 
purple for blue, violet for pink, pink and green for grey. A 
colour is often described as a blue-grey, a green-grey, a 
red-grey ; and the term “ flesh-colour ”’ is often utilized. 

The coloured shadows are rightly discriminated, although 
the yellow is described as brown. In the rings contrast the 
pink is not recognized ; the green and the yellow are named 
greenish-grey and brownish-grey respectively. No after- 
images could be obtained from a red or a green stimulus. 

The Nagel Card Test he finds difficult, and he had to 
trace each ring round with a pencil before making 2 
decision, In selecting cards with red spots, he chooses 
No. 12, which Nagel states is almost complete evidence 
of colour-blindness; the brown spots on this card he 
mistakes for red. This same card is selected later as 
containing green spots only. Similar mistakes in selecting 
prey only and red only are made. 

In the colour equations he can obtain a satisfactory 
match with red and green equalling grey without the 
addition of the blue disc. A similar equation can be 
obtained for blue and yellow. This latter equation— 
perfect to E—appears decidedly pmk and green to the 
normal eye. He matched blue-green with grey, but not 
green. with yellow. This can be explained if the neutral 
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band extends to the green. Thus it is seen as grey, and 
not as yellow. The subject cannot get rid of the brown 
tint im the yellow. Violet is matched with bive, but red 
cannot be equated with green,*nor with yellow and black. 

In the Edridge-Green Lantern red often appears as 
brown ; yellow is sometimes green, sometimes red, some- 
times brown; violet is seen as blue. Although signal- 
green itself is seen as green, yet when modified by neutral 
4 or neutral 5, it appears as grey. Pure preen + N.5 is 
seen as grey-brown, and pure green alone appears a light 
brown. Yellow alone may be called a light brown; but 
a double disc of yellow changes the colourtored. Aperture 
3 changes the colours red A, red B, yellow, pure green, 


signal-green, blue, violet, to red, orange, brown, green, 
dark grey, red-blue, red. 


Yellow and blue are clearly recognized ; red and green 
seem sometimes to be recognized. It is interesting in 
this subject's case to note, however, that pale blue is at 
times seen as a grey, and that violet is more than once 
described as a dark grey. There is a possibility of a 
shortening of the spectrum at the violet end, probably 
similar to the shortening at the red end. 


Subject F: 

This subject cannot read the first 12 Tables in Stilling’s 
Tests, although he occasionally reads a figure here and 
there. This would suggest he was blue-yellow blind as 
well as red-green blind, which he certainly is not. He 
appears to be red-green blind with slight shortening of 
the spectrum at the red end, and there is a suggestion of 
a weakened sensitivity in the green as well as the 
blue-green regions. 

With the Holmgren wools, he shows confusion from the 
beginning. The vivid green he matches with greens, 
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yellows and drabs; the vivid red with a vivid red skem, 
and a very dark green. The brown proved difficult to 
match; with the magenta he put pinks, violets, blues, 
greens and greys. The medium and pale skeins showed 
the usual confusion. With the pale blue he invariably 
matched blues and pinks—and this confusion extended to 
the darker shades of red as well. 

In colour-naming he makes many mistakes, Ked is 
confused with fawn and mole, drab and brown, and very 
often with blue. Green is often taken for yellow or pink. 
What is very characteristic of this subject, however, is 
his vague, indefinite phraseology in describing colours, 
which we noted in the colour-naming tests, “ Some red 
in it,”’ “red and something else,” etc. A grey skein of 
wool he describes as “red and something else, perhaps 
brown.” 

The Nagel Card Test he finds difficult and he shows great 
confusion of green with red both in selecting the proper 
cards in Section A and in naming the cards in Section B. 
In the coloured shadow test, the red shadow is seen cor- 
rectly, but the green is described as red, A similar 
result appears in the rings contrast. The after-image of 
yellow is described as blue or red, that of red as white, 
and that of green as biue. 

In colour-mixing he requires the third disc of blue in 
matching the complementary colours, red and green, but 
his final equation shows a marked deviation from the 
normal. He matches red and blue-green with grey, 
green with yellow, orange with yellow, and violet with 
blue. 

The Edridge-Green Lantern was a severe test for him, 
and he took longer to test than any of the other subjects. 
He finds the red especially trying. Red A is thought to 
be yellow, and red Ba yellowish brown. Very cftensignal- 
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green is confused with red, and when combined with 
neutral 5, it becomes invisible. Pure green is seen as 
yellow, but neutral 5 placed before it changes it to red. 
Neutral 4 and neutral 5, both reddish, are seen as green 
by the subject. Purple and N.4, which give a full 
red, he can hardly see. The reduction of the aperture 
to 3 causes the colours to appear as spots of light, 
except those of blue and violet, which he recognizes as 
blues. 

This case shows a greater defect than that of A or B. 
It was discovered by chance in the playing of a game in 
which colours had to be distinguished ; but the subject 
was quite unaware of any abnormality in his colour- 
vision. 


Subject G: 


G was unaware of his defect until tested, and accord- 
ingly was loath to admit its presence. He is a difficult 
subject to test, for he tries as much as possible to cover 
his failings, His spectrum is of normal length (there 
may be a slight shortening at the red end), with a neutral 
band extending over the green and blue-green. 

He fails completely to read Tables 1 and 2 of Stilling’s 
Test, but reads 3 without difficulty. In naming the 
colour of the dots and the wools, he makes the typical 
mistakes of a red-green colour-blind. In matching the 
test skeins of wools he selects his colours with great 
deliberation, but, notwithstanding all his caution, he 
betrays his defect by making the characteristic confusions. 
With the vivid red, he places pinks, drabs, greys and 
blues. He can give no match to the pale pink skein, for 
it appears to him as a “ dirty white.’ The medium green 
and pink are matched with a large variety of wools of 
different hues. 
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The following colour-mixings are successful : green with 
prey, red with grey, violet with blue, Red is matched 
with green, both discs diluted, but the two colours clearly 
visible to a normal eye. No third disc is required in 
equating red and green with grey, nor blue and yellow 
with grey. Green cannot be matched with yellow, which 
may be explained by the presence of a neutral band 
there. 

In the Nagel Card Test, he is able to find only two cards 
containing reddish spots, can find none with red or grey 
only, but selects 14 cards containing green alone, only 
one of which is correct. In Section B of the same test 
he commits many errors. 

In the coloured shadows red and green are invisible, 
but the yellow appears green. The green in the rings 
contrast is seen as dark grey, the red as blue. Red and 
green stimuli only result in grey after-images. 

The Edridge-Green Lantern reveals his defect very 
prettily, for the modifying glasses are troublesome to him. 
Red A and red B can be distinguished, but, with a neutral 
glass in front, they become green every time. The first 
four neutral glasses are seen as reds, but neutral § is a 
green. If in doubt as to a colour, green is the name 
preferred, Yellow is a difficult colour for him, and is 
usually confused with red, particularly when a red precedes 
it. The ground glass is especially trying for G, and it is 
noticeable that when such a modifying glass is used, he 
spends a very long time coming to a decision, It seems 
to change the colour completely, and causes an erroneous 
answer to be made. 

G seems to be able sometimes to distinguish red and 
green, but neither is a clear sensation for him, and they 
are both liable to be confused with one another or with 
some other colour, 
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Subject H: 

This subject is a limiting case of dichromasy : his only 
sensations are those of blue and yellow. Red and green 
are totally invisible, and under no circumstances can they 
be recognized. His spectrum shows a2 shortening at the 
red end, with a neutral band embracing the green and the 
blue-green. From cumulative evidence, the violet end of 
the spectrum appears to be cut off toa smailextent. From 
the colour-mixings it is seen that red, orange, yellow and 
grass green appear as nuances of yellow, blue and violet as 
nuances of blue. His nomenclature is very constant—red 
is called black, but, if a little diluted, is termed a brown. 
Green is seen as grey, but a bright green with a touch of 
yellow in it is termed orange. 

it is noteworthy that in the Nagel Card Test, he fails 
completely in Section A; no red spots at all can be found, 
for they all appear to him as blue. No card containing 
green spots only can be selected, and the card with 
nothing but red spots is picked out as of a uniform grey. 

Red is not seen once when he is tested with the lantern, 
and signal-green appears white. The modifying glass 
causes no change in colour, but suggests a difference in 
shade. Grey is a frequent answer given, and orange, too, 
is employed on many occasions. 

The coloured shadows reveal a total lack of red and 
green sensations, which result is confirmed in the mings 
contrast test and in the after-images. In all three tests 
red and green are replaced by grey. 

With the Bradley Paper Test, a definite defect in shade 
is noticeable. This seems to be characteristic of a short- 
ened spectrum, 

This subject has two brothers who have monochromatic 
vision. 
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Subject I: 


This subject 1s noteworthy for his remarkable nomen- 
clature, and for the variety of colours which he confuses, 

In the Stilling’s Tables, 1 and 2 can be deciphered, 
but with extreme difficulty. Table 3 cannot be read at 
all. This indicates a shortened spectrum. The colours 
of this Table which are crimson on black and mole, are seen 
as dark grey on shades of grey. Crimson and red, as is 
to be expected, are frequently mistaken for black or dark 
grey. 

In naming the wools, reddish-green is a term made use 
of on numerous occasions. He is seldom content with a 
single-colour name, but uses such phrases as “ golden 
brown,’ and “ crimson Jake,’’ the former apphed to 
brownish or emerald greens, the latter to dark green. 
These terms are used with evident satisfaction. A 
threefold description is not unusual, and grey or dark 
violet may be termed as “ pinkish-greenish-brownish.” 
In matching the Holmgren wools he thought the brown 
skein was the vivid red one given to him again in 
mistake. The confusions he makes with the wools are 
numerous, and begin in the highly-saturated skeins. 
Vivid green is matched with greens, pinks, and browns ; 
vivid red with green, browns and blues. ‘The other 
skeins reveal a like confusion. 

It is difficult to get colours equated on the colour wheel, 
for his nomenclature is so misleading. In equating red 
and green with grey, a third disc is required, but the final 
equation contains only 68° red, as compared with the 
normal 113°, and contains a correspondingly large sector 
of green. Green and red diluted are both matched with 
grey, 197° of green compared with 195° of red, so that it is 
possible to match green directly with red. His equations 
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are very similar to those of H, except that red cannot be 
equated with yellow and black. Green is matched with 
yellow and orange, and violet with blue. 

It seems evident that this case is a red-green colour- 
blind, with shortened spectrum at the red end and probably 
at the violet end (for results tend to point to that con- 
clusion), and a neutral band in the blue-greens. His 
colour sensations seem to be that of yellow and blue. 


Subject J: . 

It will have been gathered from the tests that this 
subject is completely blind to red and green. In the centre 
he has a large neutral band embracing the yellow-greens, 
greens and blue-greens. The two colour sensations 
which he does experience seem to fill only a small part of 
the spectrum, and from the results of different tests it 
appears that there is a reduced sensitivity to these two 
colours. In the coloured shadows, the yellow cannct be 
discriminated, and the shadow, which appears vivid to 
the experimenter, is merely called grey. In other words, 
the yellow must be highly saturated before it is distin- 
guished. A disc of yellow was rotated on a colour wheel 
and when diluted with a little white it was matched with 
a grey by the subject. 258° yellow + 102° white = g2° 
black + 268° white. The yellow was distinctly visible 
in the final equation, but seemed to make no impression 
on the subject. 

The large number of colour skeins, all selected as of the 
same hue, is remarkable ; and each time a skein is given, 
most of the wools are matched with it. In naming the 
dots in Stilling’s Tables, he can perceive no colour, but 
monotonously maintains they are all “shades of 
grey.” In naming the wools, too, the same result is 
apparent. We have already described his colour equa- 
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tions under experiment No. 4, giving examples of 
his colour matches. In the Lantern test, his answers 
were unfailingly “‘ grey,’’ and it was a relief sometimes to 
hear the name “blue,” or even “ black.” Out of the 76 
combinations shown, 50 of these were described as grey, 
6 as black, 2 as white, while on six occasions nothing was 
experienced, giving a grand total of 64 colourless sensa- 
tions. 

In the Nagel Card Test, all sixteen cards in Section A 
are seen as grey, while the cards in Section B merely 
represent different shades of grey and black. 

In the Bradley Paper Test, a grave defect in shade is 
apparent, evidently typical of a shortened spectrum. 
The red end of the spectrum is considerably shortened, 
and there seems to be an accompanying shortening of the 
violet end as well. This might be described as a case of 
colour-blindness, just preceding total, in which the yellow 
and blue regions have become restricted to narrow patches 
in the spectrum. 

The subject’s maternal grandmother had great difficulty 
with colours, and his uncle on the same side can distinguish 
highly saturated colours only, having great difficulty with 
pale colours. I tested his sister’s vision, and found it to 
be perfectly normal. The subject discovered his defect 
while in the army, when he failed to distinguish 8.0.5. 
signals while out on patrol. 


An Anomalous Trichromate; 


An anomalous trichromate was tested with Stilling’s 
Tables. She was found able to read most of them, but 
made a few mistakes with No. 6 and No. ro. Her colour 
naming was excellent, both in the Tables and with the 
wools, nor did she make any confusions in selecting suit- 
able matches. From the Rayleigh equation she was found 
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to be red anomalous, which was again verified in matches 
of red and green with grey. 


Rayleigh Equation: 208° red + 152° green = 
Compare with 208 red + 9 green + 53 blue = 


it is an interesting coincidence that the sections of red in 
both equations are identical. 

In the coloured shadows both red and green were 
identified, but in the rings contrast the green was called 
grey and the red purple. 

There exists a hiatus between this case and the colour- 
blinds, but it seems probable that the gap could be filled 
by gradation cases with the defect step by step becoming 
more serious and the confusion increasing. The case 
appears the beginning of a defect in red, which one can 
imagine increasing in severity until a milder form of colour- 
blindness takes its place. 

A second subject was tested—since the above was 
written—who seems also well classed among the anomalous 
trichromates. Her sensations of colour are considerably 
weakened, and it is worthy of note that her father and 
brothers suffer from colour-blindness. 

The defect of this subject first came to light in an 
experiment involving colour-mixing. The difficulties in 
obtaining a match were very noticeable, and a long time 
was spent in the adjustment of the discs. Finally, the 
match given as perfect was not valid for the normal] eye. 
A further investigation with Stilling’s Tables revealed— 
not colour-blindness, but colour-weakness. The test 
with Holmgren’s wools did not indicate any serious 
defect—aithough many omissions of skeins occurred— 
nor did the test with the Bradley Papers reveal much 
colour-anomaly. In the latter test, however, one fact 
attracted considerable attention. It was obvious that 
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almost immediately on seeing the colours the eyes of the 
subject became extremely fatigued. The colours seemed 
to have a dazzling effect, and a rest pause had to be 
instituted after every choice of colour made. This fatigue 
was very marked, and the subject confessed that, after 
the colour-mixing experiment in class the previous week, 
her eyes had been very painful. 

In the colour-mixing experiments tried as part of the 
investigation, the results of which are comparable with 
those of the colour-blinds tested, the following equations 
were obtained :— 


127° green + 233° white = 56° black + 304° white. 
138° red + 222° white = 83° black + 277° white. 
360° violet = 135° blue + 225° black. 


From these results it is evident that there is a slight 
weakness to both green and red, for in the first two equa- 
tions, where both these colours are matched with greys, 
they were not—to the normal eye—totally eliminated by 
the admixture of white, but, though pale, were clearly 
visible. The matching of violet with blue was rather a 
surprise to the experimenter, who had not judged the 
colour defect serious enough to give this particular colour 
equation. 

With the Edridge-Green Lantern test, one or two mis- 
takes were made. It is worthy of note that this test 
apparently caused little or no fatigue. The yellow disc 
(which approximates to orange) was difficult to describe, 
and at last was recognized as a “ pure colour between grey 
and white.” This disc was always identified when it 
appeared, but no more definite name could be assigned 
to it; when two yellows were shown, however, the name 
given was yellowish brown. Neutral 1, which diminishes 
the intensity of light, could not be distinguished. What 
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was described as yellow was neutral 4, which resembles 
red more than yellow. 

Greens, when modified by neutral glasses, caused 
difficulty, and were often thought to be greys. Signal- 
green itself was confused with blue. Violet also, was 
invariably mistaken for blue, although the purple disc 
was more or less correctly described. Red was sometimes 
mistaken for yellow. Weakened sensitivity to red, green, 
and perhaps yellow, seems to be the conclusion to be drawn 
from this test. 

This case accordingly differs from the anomalous tri- 
chromate described above, It seems to be slightly more 
severe, and the green is affected as well as the red. It 
seems possible to imagine the defect in this case growing 
more pronounced, with the red and green gradually losing 
In sensitivity until partial colour-blindness is revealed. 
This case forms, it may be, a further link between an 
anomalous trichromate and a colour-blind. So small is 
the defect relatively that the subject was unaware of its 
existence until tested, but, in the cursory examination 
given, the defect was clearly substantiated by the results 
obtained from the colour equations and the Edridge- 
Green Lantern. 

From the analysis of the colour-blinds, one fact stands 
clearly out, that the sensations which they experience 
most distinctly are blue and yellow, Certainiy, in the 
case of the last three subjects, these are the only colours 
visible to them. Dr Pole, in describing his own case of 
colour-vision, made this quite clear, and the diagnosis of 
his spectrum might weil be that of H.! ‘‘ The most salient 
fact in dichromic vision is its remarkably simple and 
symmetrical character, consisting of one pair of compie- 
mentary colours, with gradations of nuance perfectly 

1 Transactions of the Royal Society of Edinburgh, Vol. 37. 
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symmetrically disposed.” Appended below (Figure VII} 
is the circular diagram for normal vision, drawn first by 





Fic, DX, 


Newton and perfected by Donders in 1881. Figure IX 

was constructed on similar principle, to represent the 

dichromic spectrum, and Pole describes it thus: “ In 
Q 
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this the pair of visible colours are shown with their maxima 
diametrically opposite, and from these two points they 
become modified, in one direction by darkening only, in 
the other by darkening combined with dilution, till, at 
the top and bottom, the colours meet, and become lost 
in the neutral points. And these two neutral points, also 
diametrically opposite each other, correspond to the 
other pair of complementary colours, the purple-red 
and blue-green, which, though most prominent colours 
to the normail-eyed, are invisible colours to the colour- 
blind. It will be at once seen what a remarkable symmetry 
this structure presents, and how greatly the regular 
arrangement of the dichromic series of colour impressions 
differs from the irregular structure of the normal series in 
the adjacent figure."’ 

“This diagram has been accepted by more than one 
investigator as being true to fact. It certainly only meets 
such extreme cases as those of subject H, in which the 
spectrum left of the neutral band appears yellow, and 
right of the neutral band is seen as blue. Yet even in his 
case the neutral band would require tc be extended over 
the green as well as the blue-green. J, however, would 
require a modified diagram, for red and green with him 
are not replaced by yellows, but by grey. (See Figure X.} 
His sensations of colour have one point of resemblance 
with those of H, in that they are similar in hue, The one 
difference is that they vary in extent, and only cover a 
very small portion of the spectrum. This distinctly 
shows the large variety which exists among colour-blinds. 
These two may be regarded as extreme cases, and yet they 
present entirely different features, for the one has a much 
Jarger colour range, if we may so term it, than the other. 
It, therefore, seems unprofitable to systematize the colour 
sensations of the colour-blind, so many individual types 
exist. | 
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Moreover, a totally different diagram would be required 
for the milder cases of dichromasy, for not only are yellow 
and blue visible to them, but red and green, too, if circum-. 
stances are favourable. They agree with the diagram, 
however, in so far that yellow and blue are distinct sensa- 
tions to them, which are never confused with one another, 
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no Imatter how grave or how mild the defect; but the 
diagram gives a false impression of cases where these 
two sensations are not the only ones existent. Allowance 
must be made for these less extreme cases, which we have 
been describing, and which appear to be more prevalent 
than the limiting types. 


CHAPTER VII 
CONCLUDING REMARKS 


1. Colours Confused by the Colour-Blind 


x, Confusion of red with black: This indicates shorten- 
ing of the red end of the spectrum. 

2. Confusion of violet with black: This indicates 
shortening of the violet end.’ If the violet is not always 
so confused, or is only confused when the colour is at a 
distance, the shortening is not very great. (This fact 
emerges in the cases E, H, I, and J.) 

3. Confusion of blue with black: This occurred only 
once with subject I. it may be accidental, for it is rarely 
met with ; it would suggest a neutral band in the blue. 

4. Confusion of a colour with grey: This indicates a 
neutral band in that respective colour, Blue-green we 
found was often mistaken for grey; likewise red. 

5. Confusion of blue with pink: This, as has already 
been pointed out, indicates a shortened spectrum, 

6. Other common confusions, all characteristic of the 
defect, are: red with green 

red with brown 

preen with brown 

green with yellow 

most pale colours with one another. 

7. Green may be confused with purple, owing to a second 
neutral band beyond the spectrum. 

1The shortening of the violet end of the spectrum may have 


& 
different explanation. It may be caused by the second neutral band 
extending as far as and into the viclet. 
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8, Red may be invisible to the individual, or may be 
replaced by yeliow ; likewise green. 


2. Constancy of Colours for the Colour-Blind 

The colour-blind de not guess colours as is very generally 
supposed, They have a definite system of colour sensa- 
tions which often prevents their detection. It has been 
made generally clear from the results discussed, that the 
examinees were regulating their answers by their own 
experiences. The case of H and his use of the term 
“ orange ” provides an excellent example. 

One other fact stands out clearly in this connection. 
With some subjects a colour name is appropriated and is 
used with such frequency as to become almost an idiosyn- 
crasy. E’s particular phrase is ‘ yellowish-brown,” F's 
is “* flesh-colour,”’ I’s use of “ crimson lake '’ and “ golden 
brown ” may also be submitted as striking examples. 


3. Some Characteristics of the Colour-Blind 

i. They are more sensitive to contrast effects than the 
normal, This was clearly indicated in the Lantern test. 

2. They show quicker fatigue to colours than the normal. 
The case of J is the strongest example, for fatigue was 
noticeably present when he was tested with the Bradley 
Papers. B, too, in the after-image test, had to rest his 
eyes for quite a long period before a fresh stimulus could 
be presented. 

3. In cases of shortened spectrum, there may exist a 
defective shade perception, due to the absence of the red 
rays. 

4. Some colour-blinds try to conceal their defect and 
employ every device they can think of to this end. 

5. A modification in intensity of light is for the colour- 
blind a change of colour. 
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4. Bearing of Results on Theories of Colour-Viston 


It is not proposed in this section to assert dogmatically 
that the results fit m with any particular theory. It was 
explained in the Introduction that the experiments were 
carried out without any preconceived theory causing a 
bias, and the question now arises, how far do the results 
tell for or against existing theories ? 

Although we have considerable admiration for Dr 
Edridge-Green’s practical achievements, which have been 
productive of much valuable information and many useful 
tests, it must be admitted that his theory of colour-vision 
is difficult to reconcile with facts. It has been found 
impossible to group the ten subjects into specific unit 
classes. H and J may be grouped as two-units, although 
we should be very loath to admit that red and violet are 
the two colours visible to them, It somewhat disarms 
criticism to find that, according to Edndge-Green, they 
are not supposed to see these two colours, but only the 
centres of their two psycho-physical units which are 
yeliow and blue. Even admitting this, subject J raises 
a difficulty, He appears an extreme case of red-green 
colour-blindness with his yellow and blue sensations 
reduced in sensitivity. In fact, he may be regarded as 
akin to, or as just preceding monochromatic vision. If 
so, and if Edridge-Green’s theory is understood correctly, 
should not red and violet, the two extremes of thespectrum, 
be the colours visible to J ?. Further, if the centre colours 
of the units are always the colours seen, then the colour 
sensations of the colour-blind must vary from individual 
to individual, since the position of their psycho-physical 
units varies. In fact, a shortening of the spectrum at 
either end will narrow the band of colour and shift the 
centre. J has shortened spectrum at the red end, a large 
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neutral band, a small region of yellow, a second neutral 
band, a small region of blue, and the violet end shortened; 
There is no suggestion whatsoever that red and violet are 
the colours he sees, and certainly yellow does not form 
the centre of his red, nor biue the centre of his violet. 
It seems quite clear that yellow and blue are the two 
colours seen, and that these colours are the last seen 
before monochromatic vision supervenes. 

When we come to the three-nnits, the same difficulty 
arises. We find that reddish-green is a term used by the 
three-unit; therefore, we try to place B in the three-unit 
class, from that and other evidence, but without success. 
The three colours of the three-unit class are red, green, 
and violet. The three-unit never confuses red with green, 
but is always in difficulty with yellows and blues, This 
seems contrary to fact. 3B, or any of the other subjects 
examined, is always confusing red with green, but yellow 
and blue are two of his clearest sensations, The confusion 
of brown with green is a diagnostic sign of the four-unit. 
This class can see clearly red, yellow, green, and violet, 
but here again the facts point to different conclusions. 
The results, therefore, as we have found them, are difficult 
to reconcile with this theory, and rather appear to give 
direct evidence against it. 

As a further point of explanation, it may be argued 
that yellow and blue are not clearly seen by the three- 
unit, that yellow is frequently confused with green, and 
blue with violet, as Edridge-Green affirms. This is true; 
but it appears to be a begging of the question. Yellow is 
confused with green in cases where the green element is 
absent, as in a compound of yellow-green, or in cases of 
colour-blindness where green has been replaced by yellow 
and called green by convention, but that does not alter 
the statement that yellow is a distinct colour sensation. 
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Blue, likewise, shows confusion with violet and with pink, 
but is not that because the red element is not recognized 
in these two cases. It does not affect the validity of the 
statement that blue is a clear colour sensation of the red- 
green colour-blind. 

In the Ladd-Franklin theory, the red element “ falls 
out '’ in red-blindness, and green is replaced by yellow ; 
in green-blindness the green element “falls out” and 
yellow replaces red. 

In the results submitted, certain cases seem partially 
to support this theory ; whether they wholly support it 
is dificult to decide. One fact, which does give it support 
in the extreme cases, is that yellow and blue are the only 
two colours visible. In H and J’s cases the red and green 
must both have fallen out and been replaced by yellow ; 
in other words, there has been a total regression to the 
second stage. 

It seems more difficult to account for the milder forms. 
With some of the examinees green is replaced by yellow, 
which would appear to support the theory; this occurs 
in cases of red-blindness or in those cases in which the 
spectrum is shortened. But we have repeatedly shown 
that red is not totally invisible, nor green either. There- 
fore, all the red cannot have “ fallen cut,’’ nor all the 
preen been replaced by yellow. 

In green-blindness, the green sensation is said to be 
missing, and yellow vision takes the place of the red. The 
same argument holds here, for the red is not always 
replaced by yellow, nor does the green element always 
appear to be missing. In fact, the division of colour-blinds 
into two such groups seems unnatural and essentially 
artificial.1 There is little difference between a case of 


2 Dr Houston's resulta, of which the writer has just become aware, 
confirm thia statement (vide p. 224}. 
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shortened spectrum and a case in which the spectrum is of 
normal length when milder forms of the defect are in 
question. For in our results there seems little difference 
between A and B, although the former is credited with a 
shortening of the spectrum. It may be that Dr Ladd- 
Franklin has modified her theory to explain such cases, 
but so far attempts to find a reference to such modification 
have failed. 

The “ old ” explanation of Helmholtz may be set aside, 
for the newer explanation fits the facts much better. It 
must be admitted that few text-books on the subject 
seem to recognize or acknowledge this second mode of 
explanation, and still give Helmholtz’s views along the 
line which he himself so vigorously repudiated. 

In red-blindness—that is, in cases of shortened spectrum 
—tie red substance has become equal to the green sub- 
stance ; but yellow and blue are the two colours visible. 
The yellow begins in the orange, and the blue-green forms 
the neutral band. In green-blindness, the opposite 
condition occurs, and the neutral band appears in the 
green, 

This theory, while accounting for some of the facts, 
seems again to make an unnatural division between colour- 
blinds and not to make any allowance for the type of 
case we have been describing, or those described by Pro- 
fessor Hayes. Even McDougall’s modification seems to 
fail to account for these red-green colour-blind cases in 
which these two colours may sometimes be recognized. 
If colour-blindness is atavistic, and facts seem to confirm 
that hypothesis, these cases may be regarded as midway 
between normal vision and total reversion to the blue- 
yellow stage. The great pomt of superiority of Edridge- 
Green's theory is that he recognizes such transitional 
cases, 
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Helmholtz’s theory admirably fits the facts for extreme 
cases, those cases in which blue and yellow are the colour 
sensations experienced. It also gives a_ satisfactory 
reason why the neutral band should lie in the blue-green 
in red-blindness and in the green in green-blindness. Yet 
subjects H and Jf, as far as we were able to discover, 
appeared to have a neutral band embracing both. They 
are neither red-blind nor green-blind, but are red-green 
blind. It does not seem, however, to explain the milder 
cases of partial colour-blindness, unless it may be possible 
to account for them along the limes of Peddie by the 
formation of some derived colour triangle which will 
conform to the facts. 

The Hering theory exposes itself to the same objection, 
namely, that it explains solely the limiting cases. It has 
the apparent advantage that red-green blindness is treated 
as a whole and is not so artificially divided into the types 
of Helmholtz. The variations, which do undoubtedly 
exist in this defect, are accounted for by differences in the 
pigmentation of the eye, and Hering decided, on the basis 
of experimental results, that colour-blinds could be 
regarded as yellow-sighted or blue-sighted. We have 
little evidence in favour of, or against, this view. 

One outstanding result which does support the Hering 
theory is that the position of the neutral bands of the 
colour-blinds corresponds with the fundamental colours 
adopted in the theory. The one neutral band lies in the 
blue-green which is the green of the Hering theory; the 
other lies in the complementary of that green, in the 
purples, which is the red employed by Hering—a red 
beyond the red end of the spectrum. These facts lend 
strong support to the theory in the fundamental colours 
chosen, for if the substances for these two elementary 
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colours are absent, then the colour sense must be deficient 
in red and green, leaving as clear sensations the other two 
fundamental colours, blue and yellow. 

Finally, our tentative finding is that the Hering theory, 
the Young-Helmholtz theory, and the Ladd-Franklin 
theory all fit the facts of red-green colour-blindness when 
the defect takes an extreme form, but they seem to fail 
to take account of cases which suffer from this disability 
in a less marked degree. 


5. Percentage of Colour-Blinds 


Five schools were examined in different districts of 
Edinburgh, involving the testing of over 1,000 children, 
whose ages ranged from g years fo 12 years inclusive. 
The children were examined in groups by means of 
Stilling’s Tables. They were supplied with pencils and 
paper, and were asked to write down the figures they saw. 


Age. Colour-Blindness. 
Geiris. Boys. 
9 Oo I 
10 I 4 
II 2 4 
Iz I a 


Above gives a total of 4 girls out of 575 or ‘6%, 
and z1 boys out of 563, or 19%. Four schools 
were mixed, and the fifth was a boys’ school; it yielded 
the largest number of cases, about one in each 
class of 30 pupils or slightly over 3%. The school 
which showed the next largest proportion was a 
mixed school in one of the poorest parts of the. city, 
and it was this school which curiously enough yielded 
more girls’ cases than boys’, 3 girls out of the 88 tested. 
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When it is recalled that the complete total for girls for 
all the schools is only 4, the result is more amazing, but 
probably it is merely accidental, The other schools 
showed no connection between the defect and social 
status. 

It is important that tests for colour-blindness should 
be inaugurated in the schools, so that the children's parents 
may become acquainted with the defect. The detection 
of colour is involved in so many occupations that it is a 
waste of time and opportunity training a boy or girl for 
some particular vocation which may afterwards be found 
to be unsuitable. The literature of the subject abounds 
with instances of difficulties and hardships which appren- 
tices have undergone because of their failure to see 
certain necessary colours. To quote a few instances of 
occupations unsuitable for those suffering from this dis- 
ability will make this quite apparent : physician, chemist, 
artist, weaver, upholsterer, tailor, milliner, fiorist, thenavy, 
the railway, the post-office, and so on. This constitutes 
quite a formidable and startling list, and although the 
discrimination of colours may not be absolutely essential 
in some of these vocations, the lack of it may lead to serious 
error, 

In school, too, it must cause great inconvenience to the 
child. One of the subjects related how he remembered 
being dismissed from a drawing class at school by an irate 
master who thought he was amusing himself when mixing 
colours. The defect was not realized until the subject 
attended the secondary school, where his defect was dis- 
covered by the mathematical master in a curious manner. 
In geometry coloured chalks were used to differentiate 
between two triangles on the blackboard. The master 
naturally spoke of the red triangle and the green triangle, 
but the subject became greatly confused, and found it 
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impossible to follow the explanation. To remedy matters, 
the subject was brought nearer, as the cause was attributed 
to bad eyesight, with, however, no better result. Some 
time later it occurred to the master that there existed 
some defect in colour, which was causing the difficulty, 
and the mystery was solved. 

This is a single isolated instance, but instances could 
be multiplied indefinitely. It is essential that teachers 
should be aware that such a disability exists and the form 
it assumes. The testing of children in schools cannot be 
too strongly recommended, The Stilling’s Tables make a 
very suitable group test by means of which “ abnormals ” 
can be detected and then examined more thoroughly to 
confirm the previous finding and diagnose the extent of 
the anomaly. 

It may be advisable to give an account of the per- 
centage of colour-biind from some authenticated source, 
for comparison, and for practical purposes. The per- 
centage given by different investigators has varied 
slightly, but one fact stands out clearly—the frequency 
with which this defect occurs in men, and the limited 
number of cases which have been reported among 
women, 

In an article by Thomson and Weiland: is given 
the interesting Table on page 223 which shows the 
prevalence of the defect among males of different 
nationalities, and the few cases which have been 
reported among women. 

The percentage of colour-blinds in the male population 
is about 3-5, while in the female population it is only 
0-088. This list can be supplemented from Jefiries,s 
who devotes an entire chapter to this question, quoting 


1 Norris and Oliver, Systems of Diseases of the Eye. 
®* Colow-Blindsess: sts Dangers and tls Detection, 
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Males |Colour| per | Femates Colour per 
Examined | Blind | cent. | Examined | Blind | cent. 





Holmgren ...seesss 32,165 | 1,019 
Jeffries ccccsssseees 19,183 802 Iz | oo7y 
Committee of the 
Ophthalmological 
Society of Eng- 
Wamdl wecccesseseseesl = 15,846 617 2 og 
Fontenay in Den- 
PHATE ccseneeneeas 4,000 155 
Dr Adele Field in 
China = ..eeccaceene 600 19 r Ole 
In two Japanese 
regiments ......... 1,700 4t 
Total ...) 71,994 2,653 | 3°69 185,853 t4 | o088 


result after result of percentages from extensive examina- 
tions carried out by different investigators. Edridge- 
Green objects to these results because they are mainly 
based on examination with the Holmgren wool test. His 
resulis, however, tally with the above percentage, for he 
also gives the percentage of colour-blinds as 3:5, which 
he considers near enough for practical purposes. Some 
mention may be made here of the way in which colour- 
blindness is inherited. Usually it is transmitted from 
prandfather to grandson, whilst the mother of the son 
remains free from the defect. Dr Pliny Earle in 1845) 
reported the colour-blindness of four generations of his 
own family, In the fourth generation, from 17 marriages, 
there were 32 male descendants, 18 of whom were colour- 
blind. Of the 29 females, only 2 were colour-blind. In 
the third generation no colour anomaly is reported, showing 
how colour-blindness may pass over one generation but 
reappear in the succeeding one. In the cases of the two 
colour-blinds in the fifth generation neither parents nor 


t American Journal of the American Sciences. 
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grandparents showed the defect, showing here an interval 
of two generations. 

Horner’s Law (based on the tracing of cases of trans- 
mission of the defect by Professor Horner, of Ziirich) 
seems to have been generally substantiated—at least his 
observations have been verified by different observers. 
His genera! conclusions are :— 

(a) That colour-blind fathers have normal-eyed sons. 

(b} That colour-blind sons have normal-eyed fathers. 

(c) That sons of daughters whose father was colour- 

blind are most likely to be the same, although not 
without exception: or colour-blindness is trans- 
mitted from grandfather to grandchild. 


The hereditary nature of colour-blindness is unques- 
tioned; usually each colour-blind can teil of a brother 
or some other relative who suffers from a similar defect 
to his own. 


Dr Houston's Investigations 


The results of Dr R. A. Houston, of Glasgow University, 
have just been brought to our notice.t He has adopted 
a new method of testing colour-blinds described by him 
as a “microscope” test. His conclusion is that he finds 
it impossible to separate his subjects into two classes or 
even to recognize two pronounced types such as advocated 
by Helmholtz. ‘“ The fundamental characteristic of the 
system of Helmholtz and Maxwell was that the colour 
sensations of the normal could be represented on a plane, 
whereas the sensations of the colour-blind required only 
a line or a pomt. All my cases require plane diagrams, 
Thus it follows that the colour-blind are trichromatics.”’ 

1 Procesdings of the Royal Society of Ediniwegh, Vol. 42, 1922. 
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We are not prepared to accept this without qualifica- 
tion, for our subjects H and J cannot possibly be tri- 
chromatic. It has been proved throughout all the experi- 
ments that they are true dichromates. But the statement 
supports the diagnoses of our other cases, in which we have 
Tepeatedly asserted that their colour sensations are not 
restricted to blue and yellow, but that sometimes green, 
at other times red, becomes visible to them. This finding 
of Dr Houston supports Professor Hayes’ results, and 
incidentally our own conclusions. 
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Thig stasdara work, long esteemed by scholars, philologists philoso hers 
and all interested in religion er mysticiam, is at last available 


to tt the English-speaking public, Part One deala with Beliefs about the 

Soul {Homeric Poema, Island of the Bleat, Cave Deities, Heroes, 
in Immortality (Dic the io Religion’ The. of hice, ‘The i The Bele 
in Imm ty onysic Re, icé, i) et 
The Poets, Plato, etc.). 


THE MIND AND ITS PLACE IN NATURE. By C, D. Broad, 


(Lit rf , Lecturer in Philosophy at Trinity College, Cambridge. 
TOM Hef, 
After a ussion of the apparent differences between living and non- 
living matter, the author discusses the traditional views of Mechaniam 
and Vitalism and the Relation of Mind and Body; then the sources of 
our knowledge of Matter and of our own and other Minds: Mnemic 
Phenomena and the “‘ Unconscious"; arguments for and againat 
human survival of bodily death; and in conclusion the internal unity 
of the Mind and its position in Nature. 
COLOUR-BLINDNESS : with a Comparison of different Methods 
of Testing Colour-Vision. By Mary Collins, M.A., Ph.D, 
With a coloured plats, About 1/6 net. 
After a historical survey of previous work by such men as Dalton, Helm- 
holtz, Rayleigh, Edridge-Green and others, the author deals with the 
most important theories of Colour-blindness, and with a description 
of the teats and a discussion of their resulta. 


THE HISTORY OF MATERIALISM. By F. A. Lange. 
New edition in one volume, with an introduction by 
Bertrand Russell, FLRS. 


" A monumental work, of the highest value to all who wish to know 
what has been by ite (Materialiam’s) te aage while Gay yermpedti 
have in the main remained unconvinced. syeeme, wos ina 
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